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PREFACE. 


The  first  edition  of  Wells*s  Natural  Philosophv  was 
published  in  1857 ;  and  its  use  and  success  ever  since,  as  a 
text-book  for  eleipentary  instruction  in  the  principles  of 
physical  science,  have  been  almost  without  precedent  in. 
educational  experience. 

The  recent  and  extensive  progress  in  scientific  discovery, 
especially  in  the  departments  of  heat,  light,  electricity,  and 
magnetism,  has,  however,  for  some  time  past,  rendered  a 
complete  revision  of  the  original  work  most  necessary ;  and 
this  task,  under  the  supervision  of  the  original  author  and 
several  experienced  teachers,  has  now  been  very  carefully 
performed  by  Mr.  Worthington  C.  Ford. 

As  thus  revised,  with  the  addition  of  many  new  engrav- 
ings, the  present  edition  of  this  old  and  favorite  text-book 
is  believed  to  be  fully  in  accordance  with  the  requirements 
of  the  times,  and  worthy  of  the  renewed  confidence  of 
teachers,  students,  and  the  public. 

New  York,  September,  1879. 


N.  B.  —  For  the  convenience  of  those  who  may  desire  it,  this  work 
is  also  bound  in  two  parts.  Part  One  consists  of  the  first  two  hun- 
dred pages ;  Part  Two,  of  the  remaining  three  hundred  pages. 


NATURAL  PHILOSOPHY, 


INTRODUCTION. 

1.  Natural  Philosophy  IS  that  department  of  science 
which   treats   of  all   those  phenomena  or  „_ 

^  What  it  nat- 

appearances  observed  in  masses  of  matter  urai  phuoao. 
in  which  there  is  no  change  in  the  com-  ^  ^ 
position  of  the  body. 

2.  Chemistry,  on  the  contrary,  treats   of  all  those 
phenomena  observed  to  take  place  in  mi-  what  is 
nute   particles,  or  portions   of   matter,  in  chemistry? 
which  there  is  a  change  in  the  character  and  compo- 
sition of  the  matter  itself. 

3.  A  falling  body,  the  motion  of  our  limbs  or  of 
machinery,  the  flow  of  liquids,  the  occur-  what  are  cx- 
rence  of  sound,  the  changes  occasioned  by  "mpiesofthe 

,  r,  1.,  11  ..  phenomena 

the  action  01  heat,  light,  and  electricity,   of  natural 
are  all  examples  of  phenomena  which  are  ^  *  °***^  ^ ' 
referred  to  the  department  of  natural  philosophy. 

Strictly  speaking,  we  have  no  right,  in  natural  philosophy,  to  con- 
ceive or  imagine  any  thing ;  for  the  truths  of  all  its  laws  and  princi- 
ples may  be  proved  by  direct  observation;  that  is,  by  the  use  of  our 
senses.  When  we  conceive,  reason,  or  imagine,  concerning  the  proper- 
ties of  matter,  we  have  in  reality  passed  beyond  the  limits  of  natural 
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philosophy,  and  entered  upon  the  application  of  the  laws  of  nund  or 
of  mathematics  to  the  principles  of  natural  philosophy.  Practically, 
however,  no  such  division  of  the  subject  is  ever  made. 

The  truths  and  operations  of  chemistry,  in  contradistinction  to  the 
truths  and  operations  of  natural  philosophy,  cannot  all  be  proved  and 
made  evident  by  direct  observation.  Thus,  when  we  unite  two  pieces 
of  machinery,  as  two  wheels,  or  when  we  lift  a  weight  with  our  hands, 
or  move  a  heavy  body  by  a  lever,  we  are  enabled  to  see  exactly  how 
the  different  substances  come  in  contact,  how  they  press  upon  one 
another,  and  how  the  power  is  transmitted  from  one  point  to  another. 
These  are  experiments  in  natural  philosophy  in  which  every  part  of 
the  operation  is  clear  to  our  senses.  But  when  we  mix  alcohol  and 
water  together,  or  burn  a  piece  of  coal  In  a  fire,  we  see  merely  the 
result  of  these  processes ;  and  our  senses  give  us  no  direct  information 
of  the  manner  in  which  one  particle  of  alcohol  acts  upon  another  par- 
ticle of  water,  or  how  the  oxygen  of  the  air  acts  upon  the  coal.  These 
are  experiments  in  chemistry,  in  which  we  cannot  perceive  every  part 
of  the  operation  by  means  of  our  senses,  but  only  the  results.  Had 
there  been  but  one.  kind  of  substance  or  matter  in  the  universe,  the 
laws  of  natural  philosophy  would  have  explained  all  the  phenomena 
or  changes  which  could  possibly  take  place ;  and,  as  the  character  or 
composition  of  this  one  substance  could  not  be  changed  by  the  action 
of  any  different  substance  upon  it,  there  could  be  no  such  department 
of  knowledge  as  chemistry. 

4,  The  term  Physics  is  often  used  instead  of  the 
What  is  term  "natural  philosophy,"  both  having 
Se"rm^  the  Same  general  meaning  and  significa- 
"physics"?  tion.  It  is  also  customary  to  speak  of 
"physical  laws,"  "physical  phenomena,"  and  "physi- 
cal theories,"  instead  of  saying  the  laws,  phenome- 
na, and  theories  of  natural  philosophy. 

5.  A  Physical  Law  is  the  constant  relation  which 
What  are  cxists  between  any  phenomenon  and  its 
uw8*and  cause.  A  Physical  Theory  is  an  exposition 
theories?  of  all  the  laws  which  relate  to  a  particular 
class  of  phenomena. 
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Thus,  when  we  speak  of  the  ''  theory  **  of  heat,  or  of  electricity,  we 
have  reference  to  a  general  consideration  of  the  whole  subject  of  heat 
or  electricity ;  but  when  we  use  the  expression,  a  "  law  "  of  heat,  of 
light,  or  of  electricity,  we  have  reference  to  a  particular  department  of 
the  whole  subject 


CHAPTER  I. 

MATTER,  AND  ITS  GENERAL  PROPERTIES. 

1.  Matter  is  the  general  name  which  has  been  given 
What  is  mat-  ^0  that  substance  which,  under  an  infinite 
ter?  variety  of  forms,  affects  our  senses.  We 
apply  the  term  "  matter  "  to  every  thing  that  occu- 
pies space,  or  that  has  length,  breadth,  and  thickness. 

2.  It  is  only  through  the  agency  of  our  five  senses 
How  do  we  (hearing,  seeing,  smelling,  tasting,  and  feel- 
any  «iingcx-  ^"S)  ^^^^  ^^  ^^^  enabled  to  know  that  any 
ists?  matter  exists.  A  person  deprived  of  all 
sensation  could  not  be  conscious  that  he  had  any 
material  existence. 

What  is  a         -  3-  A    Body  is   any   distinct   portion   of 
body  ?  matter  existing  in  space. 

4-  The    properties    or  the   qualities   of 

What  are  the         -tax  -i 

properties  of  matter  are    the    powers   belonging   to   it 

matter  ?  i>i  iir  '  .*         >  *     •% 

which  are  capable  of  excitmg  m  our  mind 
certain  sensations. 

It  is  only  tbrough  the  different  sensations  which  different  substances 
excite  in  our  minds,  or,  in  other  words,  it  is  by  means  of  their  different 
properties,  that  we  are  enabled  to  distinguish  one  form  or  variety  of 
matter  from  another. 

The  forms  and  combinations  of  matter  seen  in  the  animal,  vegetable, 
and  mineral  kingdoms  of  nature  are  numberless ;  yet  they  are  all  com- 
posed of  a  very  few  simple  substances  or  elements. 
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5.  By  a  simple  substance  we' mean  one 
which   has   never  been   derived  ^tofti^  or  »impie  sub- 
separated  into,  any  other  kind  of  maiter.  ^ 


Gold,  silver,  iron,  oxygen,  and  hydrogen  are  exalTi|>fe3' pf  simple 
substances  or  elements,  because  we  are  unable  to  deccmr^ose'^them, 
convert  them  into,  or  create  them  from,  other  bodies.  '->  -" 

6.  The  number  of  the  elements  or  sim-  what  is-th^-*  -^- 
pie  substances  with  which  we  are  at  present  ^^^^l  **^    '---/ 
(1879)  acquainted  is  sixty-four.  ment»?  : 

7.  These  substances  are  not  all  equally  distributed 
over  the  surface  of  the  earth:  most  of  HowdistHb- 
them  are  exceedingly  rare,  and  only  known  "**^  ^ 

to  chemists.  Some  ten  or  twelve  only  make  up  the 
great  bulk  or  mass  of  all  the  objects  we  see  around 
us. 

All  the  different  forms  and  varieties  of  matter  are  in  some  respects 
alike ;  that  is,  they  all  possess  certain  general  properties.  Some  of 
these  properties  are  essential  to  the  very  existence  of  a  body ;  others 
are  non-essential,  or  a  body  may  exist  without  them.  Thus  it  is  essen- 
tial to  the  existence  0/  a  body  that  it  should  occupy  a  certain  amount 
of  space,  and  that  no  other  body  should  occupy  the  same  space  at  the 
same  time ;  but  it  is  not  necessary  for  its  existence  that  it  should  pos- 
sess color,  hardness,  malleability,  and  the  like  non-essential  properties. 

8.  The  following  are  the  general  properties  of 
matter:  Magnitude  ox  Extension^  Impene-  what  are  the 
trability,  Divisibility ^  Porosity,  Compressi-  frt'ies  of  matl 
bilityy  Inertia,  and  Indestructibility,  *«^' 

9.  By  Magnitude  we  mean  the  property  of  occupying 
space.     We  cannot  conceive  that  a  portion  what  is 

of  matter  should  exist  so  minute  as  to  have  "a«o»*"^«  ^ 
no  magnitude,  or,  in  other  words,  to  occupy  no  space. 

The  surfaces  of  a  body  are  the  external  limits  of  its  magnitude ; 
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the  size  of  a  body  is  th.^  quantity  of  space  it  occupies;  the  area  of  a 
body  is  its  quantity,  or  extent, of  surface. 

The  figure  oi  a-.bedy  is  its  form  or  shape,  as  expressed  by  its 
boundaries  or^  tei*fcinating  extremities ;  the  volume  of  a  body  is  the 
quantity  of  S.pace  included  within  its  external  surfaces.  The  figure 
and  vqlufee''Qf  *  a  body  are  entirely  independent  of  each  other.  Bodies 
having,  vec/  different  figures  may  have  the  same  volume,  or  bodies  of 
tR<  same  figure  may  have  very  different  volumes.  Thus  a  globe  may 
^hayi  ten  times  the  volume  of  another  globe,  and  yet  have  the  same 
-^fegure;  or  a  globe  and  a  cylinder  may  have  the  same  volume, — that  is, 
may  contain  the  same  amount  of  matter  within  their  surfaces,  —  but 
possess  very  different  figures. 

10.  By  Impeneirabiliiy  we   mean   that   property   or 
.  ,      quality  of  matter  which  renders  it  impos- 

What  is  im-    ^  ^  ^ 

penetrabii-     sible  for  two  Separate  bodies  to  occupy  the 
*^  same  space  at  the  same  time. 

There  are  many  instances  of  apparent  penetration  of  matter,  but  in 
all  of  them  the  particles  of  the  body  which  seem  to  be  penetrated  are 
merely  displaced.  When  a  nail  is  driven  into  a  piece  of  wood,  the 
particles  of  wood  are  not  penetrated,  but  merely  displaced.  If  a 
needle  be  plunged  into  a  vessel  of  water,  all  the  water  which  pre- 
viously filled  the  space  into  which  it  entered  will  be  displaced, 
and  the  level  of  the  water  in  the  vessel  will  rise  to  the  same  height 
as  It  would  have  done  had  we  added  a  quantity  of  water  equal 
in  volume  to  the  bulk  of  the  needle.  When  we  walk  through  the 
atmosphere  we  do  not  penetrate  into  any  of  the  particles  of  which 
the  air  is  composed,  but  we  merely  push  them  aside,  or  displace 
them.  If  we  plunge  an  inverted  tumbler  into  a  vessel  of  water, 
the  air  contained  in  it  will  prevent  the  water  from  rising  in  the 
glass;  and,  notwithstanding  the  amount  of  pressure  we  may  exert 
upon  the  tumbler,  it  cannot  be  filled  with  water  until  the  air  is 
removed  from  it. 

11.  By  Divisibiliiy  we  mean  that  property  which 
What  is  di-  matter  possesses  of  being  divided,  or  sepa- 
vitibuity  ?  rated  into  parts.  The  divisibility  of  matter 
is  not  infinite,  but  has  a  limit 
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The  extent  to  which  matter  can  be  divided,  and  yet  be  perceived  by 
the  senses,  is  most  wonderful.  Extent  to 

A  grain  of  musk  has  been  kept  freely  exposed  to  the  which  mat- 
air  of  a  room,  of  which  the  door  and  windows  were  *«*"  *^»**  be  di- 
constantly  kept  open,  for  a  period  of  two  years,  during 
all  which  time  the  air,  though  constantly  changed,  was  densely  impreg- 
nated with  the  odor  of  musk;  and  yet  at  the  end  of  that  time  the 
particle  was  found  not  to  have  greatly  diminished  in  weight.  During 
all  this  period,  every  particle  of  the  atmosphere  which  produced  the 
sense  of  odor  must  have  contained  a  certain  quantity  of  musk. 

In  the  manufacture  of  silver-gilt  wire  used  for  embroidery,  the 
amount  of  gold  employed  to  cover  a  foot  of  wire  does  not  exceed  the 
720,000th  part  of  an  ounce.  The  manufacturers  know  this  to  be  a 
fact,  and  regulate  the  price  of  their  wire  accordingly.  But,  if  the  gold 
which  covers  one  foot  is  the  720,000th  part  of  an  ounce,  the  gold  on 
an  inch  of  the  same  wire  will  be  only  the  8,640,000th  part  of  an 
ounce.  We  may  divide  this  inch  into  one  hundred  pieces,  and  yet  see 
each  piece  distinctly  without  the  aid  of  a  microscope :  in  other  words, 
we  see  the  864,000,000th  part  of  an  ounce.  If  we  now  use  a  micro- 
scope magnifying  five  hundred  times,  we  may  clearly  distinguish  the 
432,000,000,000th  part  of  an  ounce  of  gold,  each  of  which  parts  will 
be  found  to  have  all  the  characters  and  qualities  which  are  found  in 
the  largest  masses  of  gold. 

Some  years  since  a  distinguished  English  chemist  made  a  series  of 
experiments  to  determine  how  small  a  quantity  of  matter  could  be 
rendered  visible  to  the  eye ;  and  by  selecting  a  peculiar  chemical  com- 
pound, small  portions  of  which  are  easily  discernible,  he  came  to  the 
conclusion  that  he  could  distinctly  see  the  billionth  part  of  a  grain. 

In  order  to  form  some  conception  of  the  extent  of  this  subdivision 
of  matter,  let  us  consider  what  a  billion  is.  We  may  say  a  billion  is 
a  million  of  millions,  and  represent  it  thus,  1,000,000,000,000 ;  but  the 
mind  is  incapable  of  conceiving  any  such  number.  If  a  person  were 
to  count  at  the  rate  of  two  hundred  in  a  minute,  and  work  without 
intermission  twelve  hours  in  a  day,  he  would  take,  to  count  a  billion, 
6,944,944  days,  or  more  than  12,000  years.  But  this  may  be  nothing 
to  the  division  of  matter.  There  are  living  creatures  so  minute,  that 
a  hundred  millions  of  them  may  be  comprehended  in  the  space  of  a 
cubic  inch.  But  these  creatures,  until  they  are  lost  to  the  sense  of 
sight,  aided  by  the  most  powerful  instruments,  are  seen  to  possess 
arrangements  fitted  for  collecting  their  food,  and  even  capturing  their 
prey.    They  are,  therefore,  supplied  with  organs ;   and  these  organs 
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must  consist  of  parts  corresponding  to  those  in  larger  animals,  which 
in  turn  must  consist  of  atoms,  or  little  particles,  if  we  please  so  to 
term  them.  In  reckoning  the  size  of  such  atoms,  we  must  not  sp>eak 
of  billions,  but  of  billions  of  billions.  Such  a  number  can  be  rej^re- 
sented  thus,  1,000,000,000,000,000,000,000,000;  but  the  mind  can  form 
no  rational  conception  of  it.* 


12.  Matter  is  supposed  to  be  made  up 
of   exceedingly   small   particles,  to  which 


Of  what  is 
matter  sup- 
posed to  be 

composed?     the  name  atoms  has  been  given. 


The  atoms  of  each  elementary  substance  are  believed  to  be  alike  in 
shape,  weight,  color,  &c. ;  but  the  atoms  of  each  element  differ  essen- 
tially from  those  of  every  other  element.  These  atoms  cannot  be 
divided  by  physical  means,  nor  are  they  in  contact  with  one  another, 
but  are  separated  by  spaces  which  are  great  in  comparison  to  their 
supposed  size,  and  within  which  they  are  continually  vibrating. 

13.  A  molecule  is  a  particle  of  matter  composed 

What  is  a  of  a  group  of  two  or 
molecule?  morc  atoms.  Mole- 
cules may  be  broken  up  into 
their  constituent  atoms  by 
chemical  means. 

14.  Porosity  is   the  property 
in  virtue  of  which  spaces  exist 

What  is  po-  between  the  atoms 
rosity  ?  and  between  the  mol- 

ecules of  bodies.  When  these 
spaces  are  large  they  are  called 
sensible  pores,  as  in  wood  or 
sponge ;  when  they  are  very 
small  they  are  termed  physical 
pores,  and  are  invisible  to  the 
naked  eye,  as  in  gold  or  lead. 


Fig.  I. 


*  The  billion  is  here  used  according  to  the  English  notation.  —  /  'ide  Webster. 
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That  leather  is  porous  the  following  experiment  proves.  A  long 
glass  cylinder  (Fig.  i)  is  surmounted  by  a  metal  cup  with  a  leather 
bottom.  On  filling  the  cup  with  mercury,  and  exhausting  the  air  from 
the  cylinder  by  means  of  an  air-pump,  the  mercury  is  forced  through 
the  leather,  and  falls  in  a  fine  shower  to  the  bottom  of  the  cylinder. 

The  porosity  of  liquids  may  be  proved  by  mixing  together  equal 
measures  of  alcohol  and  water ;  when  the  resulting  mixture  will  be 
found  to  occupy  less  space  than  its  two  constituents  did  separately. 

15.  By  Density  we  mean  the  proportion  which 
exists  between  the  quantity  of  matter  whatis den- 
contained  in  a  body  and  its  magnitude  or  "*^^ 
size.  Thus,  if,  of  two  substances,  one  contains  twice 
as  much  matter  in  a  given  space  as  the  other,  it  is 
said  to  be  twice  as  dense. 

There  is  a  direct  connection  between  the  density  of  a  body  and 
its  porosity.  A  body  will  be  more  or  less  dense  according  as  its  par- 
ticles are  arranged  closely  together,  or  are  separated  from  each  other : 
and  hence  it  is  clear,  that,  the  greater  the  density,  the  less  the  porosity ; 
and  the  greater  the  porosity,  the  less  the  densit\'. 

16.  The   reasons  for  believing  that  the  atoms  of 
matter  do  not  actually  touch  each  other  ^hj^tja^i,^ 
are,  that  every  form  of  matter  can  by  press-  evidence  of 

,  the  existence 

ure  be  made  to  occupy  a  smaller  space  of  pores  in 
than  it  originally  filled.  Therefore,  as  no  *"  '"*'*•'  ^ 
two  particles  of  matter  can  occupy  the  same  space  at 
the  same  time,  the  space  by  which  the  size  or  vol- 
ume of  a  body  may  be  diminished  by  pressure  must, 
before  such  diminution  took  place,  have  been  filled 
with  openings,  or  pores.  Again :  all  bodies  expand 
or  contract  under  the  influence  of  heat  and  cold. 
Now,  if  the  atoms  were  in  absolute  contact  with 
each  other,  no  such  movements  could  take  place. 
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17.  By  CompressibilHy  we  mean  that  property  of 
,«^    .  matter  in  virtue  of  which  a  body  allows 

What  is  ^ 

compressi-     its  volume  Or  size  to  be  diminished,  with- 
**^  out  diminishing  the  number  of  the  atoms 

or  particles  of  which  it  is  composed. 

All  matter  may  be  compressed.  The  most  solid  stone,  when 
loaded  with  a  considerable  weight,  is  found  to  be  compressed.  The 
foundations  of  buildings,  and  the  columns  which  sustain  great  weights 
in  architecture,  are  proofs  of  this.  Metals,  by  pressure  and  hammer- 
ing, are  made  more  compact  and  dense.  Air,  and  all  gases,  are  sus- 
ceptible of  great  compression.  Water,  and  all  liquids,  are  much  less 
easily  compressed  than  either  solid  or  gaseous  bodies. 

18.  Again:  if  the  particles  of  matter  of  which  a 
What  is  ex-  body  is  composcd  do  not  touch  each  other, 
pansibiiity  ?  j^.  jg  clear  that  they  may  be  forced  farther 
apart.  This  we  find  to  be  the  case  with  all  matter. 
Expansibility  is,  therefore,  that  property  of  matter 
in  virtue  of  which  a  body  allows  its  volume  or  size 
to  be  increased,  without  increasing  the  number  of 
the  atoms  or  particles  of  which  it  is  composed. 

All  bodies,  when  submitted  to  the  action  of  heat,  expand,  and 
Illustrations  ^*^*^"Py  ^  larger  space  than  before.  To  this  increase  in 
of  expansi-  dimensions  there  is  no  limit.  Water,  when  sufficiently 
bility.  heated,  passes  into  steam ;  and  the  hotter  the  steam,  the 

greater  the  space  it  will  occupy. 

19.  Inertia  signifies  the  total  absence  in  a  body  of 
What  is  in-  all  powcr  to  change  its  state.  If  a  body 
*^**^  is  at  rest,  it  cannot  of  itself  commence 
moving ;  and,  if  a  body  be  in  motion,  it  cannot  of 
itself  stop,  or  come  to  rest.  Motion,  or  cessation  of 
motion,  in  a  body,  therefore,  requires  a  power  to  exist 
independent  of  itself. 
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It  is  obvious,  from  the  definition  given,  that,  when  a  body  is  once 
put  in  motion,  its  inertia  will  cause  it  to  continue  to  move  until  its 
movement  is  destroyed  or  stopped  by  some  other  force. 

A  ball  fired  from  a  cannon  would  move  on  forever,  were  it  not  for 
the  resistance  or  friction  of  the  air  and  the  attraction  of  the  earth. 

20.  By  Friction  we  mean   the   resistance  which  a 
moving  body  meets  with  from  the  surface  what  is 
on  which  it  moves.  friction? 

A  marble  rolled  upon  a  carpet  will  move  but  a  short  distance,  on 
account  of  the  roughness  and  unevenness  of  the  surface.  Its  motion 
would  be  continued  much  longer  on  a  flat  pavement,  and  longer  still  on 
fine,  smooth  ice.  If  friction,  the  attraction  of  the  earth,  and  the 
resistance  of  the  air,  were  entirely  removed,  the  marble  would  move 
on  forever. 

Owing  to  the  property  of  inertia,  or  the  indifference  of  matter  to 
change  its  state,  we  find  it  difficult,  in  running,  to  stop   what  are 
all  at  once.    The  body  tends  to  go  on,  even  after  we    examples  of 
have  exerted  the  force  of  our  muscles  to  stop.    We   i"*'***^ 
take  advantage  of  this  property  by  running  a  short  distance  when 
we  wish  to  leap  over  a  ditch  or  chasm,  in  order  that  the  tendency  to 
move  on,  which  we  acquire  by  running,  may  help  us  in  the  jump.    For 
the  same  reason,  a  running-leap  is  always  longer  than  a  standing  one. 

Many  of  the  most  frightful  railroad-accidents  which  have  happened 
are  due  to  the  laws  of  inertia.  The  locomotive,  moving  rapidly,  is 
suddenly  checked  by  an  obstruction,  collision,  or  breakage  of  ma- 
chinery; but  the  cars,  in  virtue  of  the  velocity  previously  acquired, 
continue  to  move,  and,  in  consequence,  are  driven  into  or  piled  upon 
each  other. 

For  the  same  reasons,  the  wheel  of  an  engine  continues  to  pursue 
its  course  for  a  time  after  the  driving  force  has  stopped.  This  prop- 
erty is  taken  advantage  of  to  regulate  the  motions  of  machinery.  A 
large,  heavy  wheel  is  used  in  connection  with  the  machinery,  called  a 
fly-wheel.  This  heavy  wheel,  when  once  set  in  motion,  revolves  with 
great  force ;  and  its  inertia  causes  it  to  move  after  the  force  which  has 
been  imparted  to  ithas  ceased  to  act.  A  water-wheel  or  a  steam-engine 
rarely  moves  uniformly ;  but  as  it  is  not  easy,  on  the  instant,  either  to 
check  or  increase  the  movement  of  the  heavy  wheel,  its  motion  is 
steady,  and  causes  the  machinery  to  which  it  is  attached  to  work 
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smoothly  and  without  jerking,  even  if  the  action  of  the  driving  force 
be  less  at  one  moment  than  at  another. 

21.  All  the  researches  and  investigations  of  mod- 
i8  matter  in-  ^^^  science  teach  us  that  it  is  impossible 
destructible?  foj-  any  finite  agent  to  either  create  or  de- 
stroy a  single  particle  of  matter.  The  power  to  cre- 
ate and  destroy  matter  belongs  to  the  Deity  alone. 
The  quantity  of  matter  which  exists  in  and  upon  the 
earth  has  never  been  diminished  by  the  annihilation 
of  a  single  atom. 

When  a  body  is  consumed  by  fire,  there  is  no  destruction  of  matter : 
it  has  only  changed  its  form  and  position.  When  an  animal  or  vege- 
table dies  and  decays,  the  original  form  vanishes ;  but  the  particles  of 
matter  of  which  it  was  once  composed  have  merely  passed  off  to 
form  new  bodies,  and  enter  into  new  combinations. 

Practical  Questions  on  the  Properties  of  Matter. 

z.  Are  the  pores  of  a  body  entirely  empty,  vacant  spaces  ? 

The  pores  of  a  body  are  often  filled  with  another  substance  of  a 
different  nature.  Thus,  if  the  pores  of  a  body  be  greater  than  the 
atoms  of  air,  such  a  body  being  surrounded  by  the  atmosphere,  the  air 
will  enter  and  fill  its  pores. 

2.  When  a  sponge  is  placed  in  water,  that  liquid  appears  to  penetrate  it.  Does  the 
water  really  enter  the  solid  particles  of  the  sponge  ? 

It  does  not :  it  only  enters  the  pores,  or  vacant  spaces  between  the 
particles. 

3.  Why  do  babbles  rise  to  the  surface  when  a  piece  of  sugar,  wood,  or  chalk,  is 
plunged  under  water  ? 

Because  the  air  previously  existing  in  the  pores  becomes  displaced 
by  the  water,  and  rises  to  the  surface  as  bubbles. 

4.  What  occasions  the  snapping  of  wood  or  coal  when  laid  upon  the  fire  ? 

The  air  or  liquid  contained  in  the  pores  becomes  expanded  by  heat, 
and  bursts  the  covering  in  which  it  is  confined. 

5.  How  is  water,  or  any  other  liquid,  made  purb  by  filtering  through  paper,  doth* 
a  layer  of  sand,  rock,  &c.  ? 

The  process  of  filtration  depends  on  the  presence  of  pores  in  the 
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substaace  used  as  a  filter,  of  such  magnitude  as  to  allow  the  partidies 
of  liquid  to  pass  freely,  but  not  the  particles  of  the  matter  contained 
in  it  which  we  wish  to  separate. 

6.  Gold  and  lead  are  metals  of  great  density  :  their  pons  axe  not  visible.  Is  Chne 
any  proof  of  their  existence,  beside  the  fact  that  diey  can  be  compressed  ? 

Water  can  be  forced  mechanically  through  a  plate  of  lead  or  gold 
without  rupturing  any  portion  of  the  metal.  Mercury,  or  quicksilver, 
confined  in  a  dish  of  lead  or  gold,  will  soak  through  the  pores,  and 
escape  at  the  bottom. 

An  interesting  experiment  was  tried  at  Florence,  Italy,  nearly  two 
centuries  ago,  which  furnished  a  striking  illustration  of  the  porosity  of 
so  dense  a  substance  as  gold.  A  hollow  ball  of  this  metal  was  filled 
with  water,  and  the  aperture  exactly  and  firmly  closed.  The  globe 
was  then  submitted  to  a  very  severe  pressure,  by  which  its  figure  was 
slightly  changed.  Now,  it  is  proved  in  geometry  that  a  globe  has  this 
peculiar  property,  that  any  change  whatever  in  its  figure  necessarily 
diminishes  its  volume  or  capacity.  The  result  was,  that  the  water 
oozed  through  the  pores,  and  covered  the  surface  of  the  globe,  pre- 
senting the  appearance  of  dew,  or  steam  cooled  by  the  metal.  This 
experiment  also  proved  that  the  pores  of  the  gold  are  larger  than  the 
elementary  particles  of  water,  since  the  latter  are  capable  of  passing 
through  them. 

7.  When  a  carriage  is  in  modon,  drawn  by  horses,  why  is  the  same  exertion  oi 
power  in  the  horses  required  to  stop  it  as  would  be  necessary  to  back  it  if  it  were  at 
rest? 

Because,  according  to  the  laws  of  inertia,  the  /orce  required  to 
destroy  motion  in  one  direction  is  eguai  to  that  required  to  produce  as 
mtfcA  motion  in  the  opposite  direction. 

8.  If  a  carriage,  railroad-car,  or  boat,  moving  with  speed,  be  suddenly  stopped  or 
RETARDED  from  any  cause,  why  are  the  passengers  or  the  baggage  carried  precipitated 
from  their  places  in  the  direction  of  the  motion  ? 

Because,  by  reason  of  their  inertia,  they  persevere  in  the  motion 
which  they  shared  in  common  with  the  body  that  transported  them, 
and  are  not  deprived  of  that  motion  by  the  same  cause. 

9.  Why  will  a  person,  leaping  from  a  carriage  in  rapid  motion,  fall  in  the  direc- 
tion in  which  the  carriage  is  moving,  at  the  moment  his  feet  meet  the  ground  ? 

Because  his  entire  body,  on  quitting  the  vehicle,  and  descending  to 
the  ground,  retains,  by  its  inertia,  the  progressive  motion  which  it  has 
in  common  with  it.  When  his  feet  reach  the  ground,  they,  and  they 
alone,  will  be  suddenly  deprived  of  this  progressive  motion  by  the 
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resistance  of  the  earth;  but  the  remainder  of  his  body  will  rttaitk  it, 

and  he  will  fall  as  if  he  were  tripped. 

xo.  Why  is  a  man,  standing  carelessly  in  the  stbrn  of  a  boat,  liable  to  fall  into  the 
water  behind  when  the  boat  begins  to  move  ? 

Because  his  /egi  are  pulled  forward,  while  the  imrtia  of  his  body 
keeps  it  in  the  same  position,  and  therefore  behind  its  support.  For  a 
similar  reason,  when  the  boat  stops,  the  man  is  liable  to  fall  forward. 

zz.  When  the  sails  of  a  ship  are  first  spread  to  receive  the  force  or  impulse  of 
die  wind,  why  does  not  the  vessel  acquire  her  full  speed  at  once  ? 

Because  it  requires  a  little  time  for  the  impelling  force  to  overcome 
the  inertia  of  the  mass  of  the  ship,  or  its  disposition  to  remain  at  rest. 

12.  Why,  when  the  sails  are  taken  m,  does  the  vessel  continue  to  move  for  a  con- 
siderable time  ? 

Because  the  inertia  of  the  mass  is  opposed  to  a  change  of  state,  and 
the  vessel  will  continue  to  move  until  the  resistance  of  the  water  over- 
comes the  opposition. 

13.  Why  do  we  kick  against  the  door-post  to  shake  the  snow  or  dust  from  our 

SHOES? 

The  forward  motion  of  the  foot  is  arrested  by  the  impact  against 
the  post;  but  this  is  not  the  case  with  respect  to  the  particles  of  dust 
or  snow  which  are  not  attached  to  the  foot,  and  are  free  to  move. 
According  to  the  laws  of  inertia,  they  tend  to  persevere  in  the  direc- 
tion of  the  original  motion ;  and  when  the  foot  stops  they  move  on,  or 
fly  off. 


CHAPTER   II. 

FORCE. 

22.  Matter  is   constantly   changing  its   form   and 
place.     The  most  solid  substance  will  in 

Is  matter 

time  wear  away.  The  air  about  us  is  constantly 
never  perfectly  still.  We  see  water  some-  ^  *°'*'*«^ 
times  as  ice,  sometimes  as  a  liquid,  sometimes  as  a 
vapor,  in  steam  or  clouds.  The  earth  moves  sixty- 
eight  thousand  miles  every  hour.  An  animal  or 
vegetable  dies,  decays,  and  its  form  vanishes  from 
our  sight. 

23.  As  the  cause  of  all  the  changes  ob- 
served to  take  place  in  the  material  world,  cm^  do  we 
we  admit  the  existence  of  certain  forces,  chalgel%*b-* 
or  agents,  which  govern  and   control   all  "rved  in 

°  °  matter? 

matter. 

24.  Force   is  whatever  produces   or  op-  what  is 
poses  motion  in  matter.  '°'"^®'* 

25.  Mobility,  or  the  susceptibility  of  motion,  is  that 
property  whereby  a  body  admits  of  change  what  is 

of  place.  mobility? 

26.  All  the  great  forces  or  agents  in  nature,  those 
which  produce  or  are  the  cause  of  all  the 

,  i_  •    1      ^    1  1  What  are  the 

Changes  which  take  place  in  matter,  may  great  forces 
be   enumerated   as   follows :    Internal    or  ^°  °**""  "^ 

'5 
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Molecular  Forces,  the  Attraction  of  Gravitation,  Heat 
and  Light  y  Electricity*  (including  Magnetism),  and, 
finally,  a  force  or  power  which  only  exists  in  Hving 
animals  and  plants,  which  is  called  Vital  Force. 

Concerning  the  real  nature  of  these  forces  we  are  entirely  ignorant. 
Whatd  ^^  suppose,  or  say,  they  exist,  because  we   see  their 

know  of  the      effects  upon  matter. 

nature  of  We  see  a  stone  fall  to  the  ground,  and  say  that  the 

ese  orces .  ^,^ygg  q£  jj  jg  ^y^^  attraction  of  gravitation ;  we  observe 
an  object  at  a  distance,  and  say  that  we  see  it 'through  the  action  of 
light  on  the  eye ;  we  notice  a  tree  shattered  by  lightning,  and  say  it  is 
the  effect  of  electricity ;  we  observe  an  animal  or  plant  to  grow  and 
flourish,  and  ascribe  this  to  the  action  of  the  vital  force.  But  if  it  is 
asked,  "  What  is  the  original  cause  of  gravitation,  light,  electricity,  and 
vital  force } "  the  wisest  man  can  give  no  satisfactory  answer.  If  the 
Creator  governs  matter  through  the  agency  of  instruments,  these  forces 
may  be  called  his  agents  or  his  instruments. 

*  Heat,  light,  electricity,  magnetism,  and  chemical  attraction,  are,  by  some,  all 
ranked  as  molecular  forces. 


CHAPTER   III. 

INTERNAL  OR   MOLECULAR   FORCES. 

27.  An  Internal  or  Holecular  Force  is  one  that  acts 
upon   the  particles  of  matter  only  at   in-  what  is  an 
sensible  distances.     This  variety  of  force  l^oiecuiM*^ 
differs  from  all  others  in  this  respect.  '©'cc? 

28.  The  various  changes  which  matter  undergoes 
render  it  certain  that  the  atoms  or  parti-  ,„ 

^  What  arc  at- 

cles  of  all  bodies  are  acted  upon  by  two  traction  and 
distinct  and  opposite  forces,  one  of  which  ^^^^ "°° 
tends  to  draw  the  atoms,  or  particles,  close  together, 
while  the  other  tends  to  separate  them  from  one 
another.  The  first  of  these  forces  we  call  Attraction, 
the  second  Repulsion,  both  acting  at  insensible  dis- 
tances. 

29.  We  distinguish  three  kinds  of  attraction  acting 
upon  the  particles  of  bodies  at  insensible  whatarethe 
distances.  These  are,  Cohesion^  Adhesion ^  o^  moiewfur 
and  Affinity,  attraction  ? 

30.  Cohesion,   or   Cohesive    Attraction,    is  „,^  ^, 

-J  '  '  What  is 

that  force  which  binds  together  atoms  of  cohesive 
the  same  kind  to  form  one  uniform  mass. 

The  force  which  holds  together  the  atoms  of  a  mass  of  iron,  wood, 
or  stone,  is  cohesion ;  and  the  atoms  are  said  to  cohere  to  each  other. 
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31.  Adhesion  is  that  form  of  attraction  which  exists 
between  unlike  atoms  or  particles  of  mat- 
ter when  in  contact  with  each  other. 


What  is 
adhesion  ? 


Fig.  2. 


Dust  floating  in  the  air  sticks  to  the  wall  or  ceiling  through  the 
force  of  adhesion.  When  we  write  on  a  wall  with  a  piece  of  chalk  or 
charcoal,  the  particles,  worn  off  from  the  material,  stick  to  the  wall, 
and  leave  a  mark,  through  the  force  of  adhesion.     Two  pieces  of  wood 

may  be  fastened  together  by  means 
of  glue,  in  consequence  of  the  adhe- 
sive attraction  between  the  particles 
of  the  wood  and  the  particles  of 
glue. 

If  a  brass  disk  be  laid  flat  upon  the 
surface  of  water,  on  lifting  it  the  water 
will  be  raised  to  a  small  distance,  as 
shown  in  Fig.  2.  In  this  case  the  ad- 
hesion of  the  particles  of  water  to  the 
disk  is  so  strong  as  to  partly  overcome 
the  cohesion  of  the  liquid  particles 
among  themselves. 

32.  Capillary  attraction  is  that  form  of 
attraction  which  exists  between  the  parti- 
cles of  a  liquid  and  a  solid. 

Capillary  attraction  is  a  form  of  adhesion.     [§  267.] 

33.  Affinity  is  that  form  of  attraction  which  unites 
What  is  atoms  of  unlike  substances  into  compounds 
affinity  ?         posscssing  ncw  and  distinct  properties. 

Oxygen,  for  example,  unites  with  iron,  and  forms  iron-rust,  a  sub- 
stance different  from  either  oxygen  or  iron.  The  consideration  of  the 
attraction  of  affinity  belongs  wholly  to  chemistr)-. 

34.  According  as  the  attractive  or  repul- 
sive forces  prevail,  all  bodies  will  assume 
one  of  three  forms  or  conditions,  —  the 
solid,  the  liquid,  or  the  gaseous  condition. 


What  is  cap- 
illary attrac- 
tion? 


In  what 
three  forms 
or  conditions 
does  all  mat- 
ter exist  ? 
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35.  A  solid  body  is  one  in  which  the  particles  of 
matter  are  attracted  so  strongly  together,  what  is  a 
that  the  body  maintains  its  form,  or  figure,  •**"**' 
under  all  ordinary  circumstances. 

36.  A  liquid  body  is  one  in  which  the  particles  of 
matter  are  so  feebly   attracted   together,  what  is  a 
that  they  move  upon  each  other  with  the  "*»"*<*  ^ 
greatest  facility. 

Hence  a  liquid  can  never  be  made  to  assume  any  particular  form, 
except  that  of  the  vessel  in  which  it  is  enclosed. 

37.  A  gaseous  body  is  one  in  which  the  particles 
of   matter  are  not  held  together  by  any 

-  r  .  ,  ,  ,  What  is  a 

torce  01  attraction,  but  have  a  tendency  to  gaseous 
separate  and  move  off  from  one  another.*     **^^^ 

A  gaseous  Ijocly  is  generally  invisible,  and,  like  the  air  surrounding 

us,  affords  to  the  sense  of  touch  no  evidence  of  its   --..    ^       ^- 

.  vvnataretne 

existence  when  m  a  state  of  complete  repose.    Gaseous   properties  of 
bodies  may  be  confined  in  vessels,  from  whence  they   a  gaseous 
exclude  liquids,   or  other  bodies,  thus   demonstrating    ^^^^ 
their  existence,  though  invisible,  and  also  their  impenetrability. 

38.  Most  substances  can  be  made  to  assume  suc- 
cessively the  form  of  a  solid,  a  liquid,  or  a 

T  1-  1       .1  .         r  .        <        Under  what 

gas.     In  solids,  the  attractive  force  is  the  circum- 
strongest :  the  particles  keep  their  places,  Tbodrar" 
and  the  solid  retains  its  form.     But,  if  we  !"™*  *?*^ 

form  of  a 

heat  the  solid  to  a  sufficient  degree,  —  as,  »oiid,  a  iiq- 

P  1  •  r  •  1       11       uid,  oragas? 

for  example,  a  piece  of  iron, — we  gradually 

destroy  the  attractive  force,  and  the  repulsive  force 

*  The  molecules  of  all  bodies  are  supposed  to  be  continually  in  motion.  In  a 
liquid  or  gaseous  body  the  motion  is  such,  that  the  molecules  are  free  to  move  among 
themselves:  each  molecule  suflTering  at  the  same  time  impact  against  any  other  mole- 
cule which  obstructs  its  path.  In  a  solid  the  molecules  merely  vibrate  back  and  forth 
over  some  mean  position.  This  may  be  illustrated  by  supposing  a  body,  suspended  in 
the  middle  of  a  room,  to  be  held  by  elastic  bands  to  the  ceiling,  floor,  and  walls.  On 
moving  it,  it  will  vibrate  about  its  original  position,  but  will  always  return  to  its  place. 


20 


NATURAL    PHILOSOPHY. 


increases ;  the  particles  become  movable,  and  we 
say  the  body:  melts,  or  becomes  a  liquid.  In  liquids, 
the  attractive  and  repulsive  forces  are  nearly  balanced ; 
but,  if  we  supply  an  additional  quantity  of  heat,  we 
destroy  the  attractive  force  altogether,  and  the  liquid 
changes  to  a  gas,  in  which  the  repulsive  force  prevails, 
and  the  particles  tend  to  fly  off  from  each  other.  By 
the  withdrawal  of  heat  (i.e.,  by  the  application  of  cold), 
we  can  diminish  or  destroy  the  repulsive  force,  and 
allow  the  attractive  force  to  again  predominate. 

Thus  steam,  when  cooled,  becomes  a  liquid,  water ;  and  this  in  turn, 

by  the  withdrawal  of  an  additional  amount  of  heat,  becomes  a  solid,  ice. 

The  power  of  the  repulsive  force  is  strikingly  illustrated  by  the 

conversion    of    water  into   steam. 


t    E 


4 


^. 


\ 


In  a  cubic  inch  of  water  convert- 
ed into  steam,  the  particles  will 
repel  each  other  to  such  an  extent 
that  the  space  occupied  by  the 
steam  will  be  i,6oo  times  greater 
than  that  occupied  by  the  water. 
Fig.  3  illustrates  the  comparative 
difference  between  the  bulk  of 
steam  and  the  bulk  of  water.     ^ 

39.  The  term  Fluid  is 
What  arc  applied  to  those 
fluids  ?  bodies  whose  par- 
ticles move  easily  among  themselves.  It  is  used  to 
designate  either  liquids  or  gases. 

40.  It  is  a  curious  fact,  that,  when  atoms  are  allowed  to  come  to- 
Explain  the  g^t^ier,  they  always  assume  a  certain  fixed  and  regular 
process  of  arrangement  and  form  known  as  crystalline^  which  has 
crystalliza-  ^  specific  form  for  each  substance.  It  is  supposed  to  be 
due  to  the  attractive  force  of  the  atoms  acting  on  each 
other  between  certain  sides  or  parts  of  one  and  the  corresponding 
parts  of  the  other. 


Fig.  3. 
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Water  in  freezing  forms  crystals,  as  may  be  seen  on  a  window-pane 
on  a  frosty  morning.  All  the  precious  stones  are  crystals.  Granite 
and  marble  are  crystalline  in  grain.  If  sugar  or  alum  be  dissolved  in 
water  until  the  water  will  take  up  no  more,  on  suspending  a  string  in 
the  solution,  and  placing  the  solution  in  a  cool  place,  crystals  will  form 
on  the  string. 

41.  The   force  or  strength  of  cohesive  attraction 
varies  greatly  in  different  substances,  ac-  How  does 
cording  as  the  nature,  form,  and  arrange-  the  force  of 

e     .  -       ,  .    ,       ,  cohesive  at- 

ment  of  the  atoms  of  which  they  are  com-  tractioo 
posed  vary.  "^^^ 

42.  These  modifications  of  the  force  of  attraction, 
acting  at  insensible  distances  between  the 

atoms   of   different   substances,  give  rise  ertiesof  t>od. 
to  certain  important  properties  in  bodies,  ["he'l'^ation 
which  are  designated  under  the  names  of  °/  attrac- 
Malleability^  Ductility y  Elasticity,  Tenaci- 
ty, Hardness^  and  Brittleness. 

These  are  not,  as  is  often  taught,  distinct,  independent  properties 
of  matter,  like  magnitude,  porosity,  inertia,  &c.,  but  modifications  of 
the  force  of  attraction. 

43.  malleability  is  that  property  in  virtue  of  which 
a  substance  can  be  reduced  to  the  form  of  what  is 
thin  leaves,  or  plates,  by  hammering,  or  by  «n*ii«»touity? 
means  of  the  intense  pressure  of  rollers. 

The  property  of  malleability  is  possessed  in  the  most  eminent 
degree  by  the  metals;    gold,  silver,  iron,  and  copper    what  arc  cx- 
being  the  most  malleable.    Gold  may  be  hammered  to    amples  of 
such  a  degree  of  thinness  as  to  require  290,000  leaves    malleability? 
to  equal  an  inch  in  thickness. 

44.  Ductility  is  that  property  in  virtue  of  which  a 
substance  admits  of  being  drawn  into  what  is  due- 
wire.  ^^ ' 
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We  might  suppose  that  ductility  and  malleability  would  belong  to 
the  same  substances,  and  to  the  same  degree ;  but  they  do  not.  Tin 
and  lead  are  highly  malleable,  and  are  capable  of  being  reduced  to 
extremely  thin  leaves ;  but  they  are  not  ductile,  since  they  cannot  be 
drawn  into  fine  wire.  Some  substances  are  both  ductile  and  malleable 
in  the  highest  degree.  Gold  has  been  drawn  into  wire  so  fine,  that  an 
ounce  of  it  would  extend  fifty  miles. 

45,  Elasticity  is  that  property  of  matter  which  dis- 
WhatiBeiaB-  poses  it  to  rcsume  its  original  form  and 
ticity?  shape  after   having   been    bent   or  com- 

pressed by  some  external  force. 

All  bodies  possess  the  property  of  elasticity,  but  in  very  different 
Do  all  bodies  ^^S^^^^.  There  are  some  in  which  the  atoms,  after 
possess  elas-  bending,  or  displacement,  almost  perfectly  resume  their 
ticity?  former  position.     Such  bodies  are  especially  termed 

elastic,  as  tempered  steel.  India-rubber,  ivory,  &c.  Other  bodies, 
like  iron,  lead,  &c.,  are  elastic  in  a  limited  degree,  not  being  able  to 
bear  any  great  displacement  of  their  atoms  without  breaking,  or  per- 
manent disaiTangement.  Putty,  moist  clay,  and  similar  bodies,  pos- 
sess a  very  slight  degree  of  elasticity. 

How  may  Elasticity  may  be  developed  by  three  methods :  by  tension, 

elasticity  be  by  torsion,  and  by  flexure ;  or  by  stretching,  by  twisting, 
developed  ?     ^^^  |jy  bending.   Compression  also  may  develop  elasticity. 

India-rubber,  the  strings  of  a  piano  or  violin,  afford  instances  of  the 
first  method.  Elasticity  by  torsion  is  developed  in  a  thread  of  silk  or 
cotton  when  it  untwists.  This  property  is  used  for  a  very  delicate  test 
and  measure  of  force.  Elasticity  by  bending  is  shown  by  all  kinds  of 
springs.  The  rebounding  of  a  rubber  ball  when  thrown  against  the 
side  of  a  building,  or  of  an  ivory  ball  when  allowed  to  fall  upon  a  metal 
plate,  is  due  to  elasticity.  The  particles  of  the  rebounding  body  are 
first  compressed,  and  then  expand  with  sufficient  force  to  cause  the  re- 
bound. Air  may  be  compressed  so  as  to  occupy  one-tenth  of  its  original 
volume ;  but,  on  removing  the  pressure,  it  will  regain  its  former  bulk. 

46.  When  an  iron  wire  is  bent  till  it  breaks,  it  is  said  to  be  forced^ 
What  is  the  ^^  *°  ^^^^  ^^^  bent  l^eyond  its  limit  of  elasticity.  The 
limit  of  elas-  molecules  of  the  body  have  been  forced  into  a  new 
ticity  of  a        arrangement,  so  that  elasticity  no  longer  acts  on  them 

^  in  the  same  direction  as  before,  and  a  permanent  chaise 

of  form  results.  Timbers,  plates  of  glass  or  steel,  supported  only  at 
the  ends,  will,  after  a  time,  become  permanently  curved. 
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47.  Tenacity  is  that  property  in  virtue  of  which  a 
body   resists   separation   of   its   parts,    by  ^hatis 
extension  in  the  direction  of  its  length.         tenacity? 

48.  Hardness  is  a  property  in  virtue  of  which  the 
particles  of  a  body  resist  impression,  sepa-  what  is 
ration,  or  the  action  of   any  force  which   hardness? 
tends  to  change  their  form  or  arrangement. 

49.  A  body  whose  particles  can  be  removed,  and 
changed  in  position,  by  a  slight  degree  of  ^^^^  .^  ^ 
force,  is  said  to  be  soft.     Softness  is,  there-  ^*^y  •^^^  ? 
fore,  the  opposite  of  hardness. 

The  property  of  hardness  is  quite  distinct  from  density.  Gold  and 
lead  possess  great  density ;  yet  they  are  among  the  softest  of  metals : 
hence,  when-  employed  in  the  arts,  gold  is  rendered  hard  by  the  addi- 
tion of  copper.  The  diamond  is  the  hardest  of  all  bodies.  Hard  sub- 
stances, such  as  emery  and  pumice,  when  in  the  form  of  powder,  are 
used  for  polishing  other  bodies. 

50.  Brittleness  is  a  property  in  virtue  of  which 
bodies  are  easily  broken   into   fragments,  what  is 

It  is  a  characteristic  of  most   hard   sub-  bnttienes*? 
stances. 

In  a  brittle  body,  the  attractive  force  between  the  atoms  exists 
within  such  narrow  limits,  that  a  very  slight  change  of  position,  or 
increase  of  distance  among  them,  is  sufficient  to  overcome  it,  and  the 
body  breaks. 

51.  The  modifications  of  the  force  of  cohesive  attraction  between 
the  particles  of  matter,  which  give  rise  to  the  properties  of  mallea- 
bility, ductility,  elasticity,  hardness,  and  brittleness,  seem  to  be  inti- 
mately  connected  with,  or  depend  upon,  the  particular  form  of  the 
atoms  of  the  substance,  and  the  particular  manner  in  which  they  are 
arranged. 

Every  one  knows  that  it  is  easier  to  split  wood  lengthwise  than 
across  the  fibers:  hence  the  force  which  binds  the  particles  of  the 
wood  together  is  exerted  in  a  less  degree  in  one  direction  than  in  the 
other. 
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By  changing  the  form  or  arrangement  of  the  atoms  of  a  substance, 
we  can  in  many  instances  apparently  renew  or  destroy 
Explain  how    ^j^g  various  modifications  of  the  attractive  force.    The 
attraction         following  is  a  familiar  illustration  of  this  principle :  — 
depends  on  Steel,  when  heated  and  suddenly  cooled,  is  rendered 

the  arrange-  ^qj  ^j^jy  ygj.y  hard,  but  very  brittle  ;  but,  if  heated  and 
atoms.  cooled    gradually,   it  becomes   soft  and   flexible.     We 

may  suppose  that  when  the  atoms  of  steel  are  expanded 
—  forced  apart  from  each  other  —  by  the  action  of  heat,  and  then  sud- 
denly caused  to  contract  —  forced  in  upon  each  other — by  cooling, 
no  opportunity  is  afforded  them  for  arrangement  in  a  natural  man- 
ner; but,  when  the  steel  is  cooled  slowly,  each  atom  has  an  oppor- 
tunity to  take  the  place  best  adapted  for  it,  without  interfering  with 
its  neighbor.  According  to  one  arrangement  of  the  atoms,  the  steel 
is  brittle,  or  the  atoms  will  not  admit  of  any  motion  among  them- 
selves without  breaking ;  but,  according  to  a  different  arrangement,  the 
attractive  force  is  modified,  and  the  steel  is  soft  and  flexible.  In  a 
similar  manner,  bricks  stacked  up  irregularly  may  be  made  to  fall 
easily;  but,  if  piled  in  a  regular  manner,  they  retain  their  stability. 
Thus  steel  may,  under  the  influence  of  different  circumstances,  be  so 
soft  as  to  take  impressions  from  a  metal  stamp,  or  may  be  nearly  as 
hard  as  the  diamond 

It  is  a  very  singular  circumstance,  that  the  same  operation  of  heat- 
ing and  cooling  suddenly,  which  hardens  steel,  should  soften  copper. 
A  piece  of  steel  which  has  been  hardened  in  this  way  is  not  condensed, 
made  smaller,  as  we  might  have  supposed  it  would  be,  but  is  actually 
expanded,  or  made  larger.  This  proves  that  the  arrangement  of  the 
atoms,  or  particles,  has  been  changed.  Any  one  may  satisfy  himself 
of  this  by  taking  a  piece  of  steel,  fitting  it  exactly  into  a  gauge,  or 
between  two  fixed  points,  and  then  hardening  it.  It  will  then  be  found 
that  the  steel  will  not  go  into  the  gauge,  or  between  the  fixed  points. 

52.  The  process   of   rendering   metals,  glass,  &c., 

What  is  an-  ^^^^  ^^^  flexible  by  heating  and  gradually 
aeaiinjr?  cooHng,  is  Called  Annealing,  and  is  of  great 
importance  in  the  arts. 

For  example,  the  workman,  in  fashioning  and  shaping  a  steel 
instrument,  requires  it  to  be  soft  and  flexible 4  but  in  using  it  after  it 
has  been  constructed,  as  for  the  cutting  of  stone,  wood,  &c.,  it  is 
necessary  that  it  should  be  hard.     This  is  accomplished  by  making 
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the  steel  soft  by  annealing,  and  then  rendering  it  hard  by  heating  and 
cooling  quickly.* 

53.  When  the  attraction  of  cohesion  between  the 
particles  of  a  substance  is  once  destroyed,  ^ 

...  .        Can  we  re- 

it   is   generally  impossible   to   restore   it.   store  the  at- 

Having  once  reduced  a  mass  of  wood  or  cohM?on^ 

stone   to  powder,   we    cannot    make    the  JJJy*'*^^*" 

minute  particles  cohere  again  by  pushing 

them  into  their  former  position. 

In  some  instances,  however,  this  can  be  accomplished  by  resorting 
to  various  expedients.  The  particles  of  the  metals  may  be  made  to 
again  cohere  by  melting.  Two  pieces  of  perfectly  smooth  plate-glass 
or  marble,  laid  upon  each  other,  unite  together  with  such  force,  that  it 
is  impossible  to  separate  them  without  breakage.  In  the  manufacture 
of  looking-glass  plates,  this  attraction  between  two  smooth  surfaces  is 
particularly  guarded  against 

54.  Iron  may  be  made  to  cohere  to  iron  by  heating 
the  metal  to  a  high  degree,  and  hammer-  what  is 
ing  the  two  pieces  together.  The  par-  ^*^^»"k^ 
tides  are  thus  driven  into  such  intimate  contact  that 
they  cohere,  and  form  one  uniform  mass.  This 
property  is  called  Welding,  and  only  belongs  to  two 
metals,  iron  and  platinum. 

*  There  are  many  practical  illustrations,  in  the  arts,  of  the  principle,  that  the  modi- 
fications of  the  attractive  force  which  unites  the  atoms  of  solid  bodies  together  are 
dependent  in  a  great  degree  upon  the  forms  or  arrangement  of  the  atoms  themselves. 
If  we  submit  a  piece  of  metal  to  repeated  hammering  or  jarring,  the  atoms,  or  parti- 
cles of  which  it  is  composed,  seem  to  take  on  a  new  arrangement,  and  the  metal 
gradually  loses  all  its  tenacity,  flexibility,  malleability,  and  ductility,  and  becomes 
brittle.  The  coppersmith  who  fonns  vessels  of  brass  and  copper  by  the  hammer  alone 
can  work  on  them  only  for  a  short  time  before  they  require  annealing;  otherwise  they 
would  crack,  and  fly  into  pieces. 

For  this  reason,  also,  a  cannon  can  only  be  fired  a  certain  number  of  times  before 
it  will  burst;  and  a  cannon  which  has  been  long  in  use,  although  apparently  sound,  is 
always  condemned  and  broken  up. 

A  more  important  illustration,  and  one  that  more  closely  afiects  our  interests,  is  the 
liability  of  railroad-car  axles  and  wheels  to  break  from  the  same  cause.  A  car-aade, 
after  a  lon^  lapse  of  time  and  use,  is  almost  certain  to  break. 
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Practical  Questions  on  the  internal  or  Molecular  Forces. 

I 

X.  In  what  respect  does  a  gas  differ  from  a  liquid  ? 

A  liquid,  like  water,  milk,  sirup,  &c.,  can  be  made  to  flow  regularly 
dawn  a  slope  or  an  inclined  plane ;  but  a  gas  cannot. 

9.  Why  is  a  bar  of  iron  stronger  than  a  bar  of  wood  of  the  same  size  ? 

Because  the  cohesion  existing  between  the  particles  of  iron  is 
greater  than  that  existing  between  the  particles  of  wood. 

3.  Why  are  the  particles  of  a  liquid  more  easily  separated  than  those  of  a  solid  ? 

Because  the  cohesive  attraction  which  binds  together  the  particles 
of  a  liquid  is  much  less  strong  than  that  which  binds  together  the  par- 
ticles of  a  solid. 

4.  Why  will  a  small  needle,  carefully  laid  upon  the  surface  of  water,  float  ? 

Because  its  weight  is  not  sufRcient  to  overcome  the  cohesion  of  the 
particles  of  water  constituting  the  surface;  consequently  it  cannot 
pass  through  them,  and  sink. 

5.  If  you  drop  water  and  laudanum  from  the  same  vessel,  why  will  sixty  drops  of 
the  water  fill  the  same  measure  as  one  hundred  drops  of  laudanum  ? 

The  cohesion  between  the  particles  of  the  two  liquids  is  different, 
being  greatest  in  the  water;  consequently  the  number  of  particles 
which  will  adhere  together  to  constitute  a  drop  of  water  is  greater 
than  In  the  drop  of  laudanum. 

6.  Why  is  the  prescription  of  medicine  by  drops  an  unsafe  method  ? 

Because,  not  only  do  drops  of  fluid  from  the  same  vessel,  and  often 
of  the  same  fluid  from  different  vessels,  differ  in  size,  but  also  drops 
of  the  same  fluid,  to  the  extent  of  a  third,  from  different  parts  of  the 
lip  of  the  same  vessel. 

7.  Why  are  cements  and  mortars  used  to  fasten  bricks  and  stone  together  ? 

Because  the  adhesive  attraction  between  the  particles  of  brick  and 
stone  and  the  particles  of  mortar  is  so  strong,  that  they  unite  to  form 
one  solid  mass. 

8.  How  may  the  efficacy  of  a  locomotive-engine  be  said  to  depend  upon  the  force 
of  adhesion  ? 

If  there  were  no  adhesion,  or  even  insufiicient  adhesion,  between 
the  tire  of  the  driving-wheel  of  the  locomotive  and  the  rails  upon 
which  it  presses,  the  wheel  would  turn  without  advancing. 

This  actually  happens  when  the  rails  are  greasy,  or  covered  with 
frost  and  ice.  The  contact  is  thus  interrupted,  and  the  adhesion  be- 
tween the  rail  and  wheel  is  impaired. 
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9.  When  a  liquid  adheres  to  a  solid,  what  term  do  we  apply  to  detignate  the  act 
of  adhesion  ? 

Wetting.  It  is  necessary  that  a  liquid  should  adhere  to  the  surface 
of  a  solid  before  it  can  be  wet.  Water  falling  upon  an  oiled  surface 
does  not  wet  it,  because  there  is  no  adhesion  between  the  particles  of 
the  oil  and  the  particles  of  the  water. 

zo.  Why  ate  drops  of  rain,  of  tears,  and  of  dew  upon  the  leaves  of  plants,  gener- 
ally spherical,  or  globular  ? 

The  force  of  cohesion  always  tends  to  cause  the  particles  of  a 
liquid,  when  unsupported,  or  supported  on  a  surface  having  little 
attraction  for  it,  to  assume  the  form  of  a  sphere ;  a  globe,  or  sphere, 
being  the  figure  which  will  contain  the  greatest  amount  of  matter 
within  a  given  surface. 

This  property  of  fluids  is  taken  advantage  of  in  the  arts,  in  the  . 
manufacture  of  shot.    The  melted  lead  is  made  to  fall  in  a  shower 
from  a  great  elevation.    In  its  descent  the  drops  become  globular,  and, 
before  they  reach  the  end  of  their  fall,  become  hardened  by  cooling, 
and  retain  their  form. 


CHAPTER   IV. 


ATTRACTION   OF  GRAVITATION. 

^?.  The  Attraction  of  Gravitation  is  that 

What  if  at-  -^  •' 

traction  of      f  oriTi  of  attraction  by  which  a/l  bodies  at  sen- 
gravitation  ? 


How  does 


sible  distances  tend  to  approach  each  other. 

Electricity  and  magnetism  attract  bodies  at  sensible 

.     .  distances  also;  but  their  influence  upon  diiferefit  classes 

differ  from       o^  bodies  varies,  and  is  limited  by  distance.     Molecular 

other  forms      or  internal  attraction  acts  only  at  insensible  distances. 

ti'  **?*^"         The  attraction  of  gravitation  acts  at  all  distances,  and 

upon  all  bodies. 

56.  Every  portion  of  matter  in  the  universe  at- 
whatisthe  ^^^^^^  cvcry  Other  portion  with  a  force 
great  law  of    proportioned  directly  to  its  mass,  or  quan- 

the  attrac-  .  ,     .  ,      '  ,  1     , 

uonofgravi.  tity,  and   inversely  as   the   square  of  the 
tation?  distance.     This  is  the  great  general   law 

of  the  attraction  of  gravitation. 

By  the  attraction  of  gravitation  being  directly  proportional  to  the 
mass  of  a  body,  we  mean,  that  if,  of  two  bodies,  the  mass  of  one  be 
twice  as  large  as  that  of  the  other,  its  force  of  attraction  will  be  twice  as 
great ;  if  it  is  only  half  as  large,  its  attraction  will  be  only  half  as  great. 

By  the  attraction  of  gravitation  being  inversely  proportioned  to  the 
square  of  the  distance,  we  mean  that  if  one  body,  or  substance, 
attracts  another  body  with  a  certain  force  at  the  distance  of  a  mile,  it 
will  attract  with  four  times  that  force  at  half  a  mile,  nine  times  the 
force  at  one-third  of  a  mile,  and  so  on  in  like  proportion.  On  the 
contrary,  it  will  attract  with  but  one-fourth  of  the  force  at  two  miles, 
28 
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one-ninth   of  the  force  at  three  miles,  one-sixteenth  of  the  force  it 
four  miles,  and  so  on,  as  the  distance  increases. 

This  law  may  be  further  illustrated  by  reference  to  Fig.  4.  Let  S  be 
the  center  of  attraction,  and 
let  the  four  lines  diverging 
from  S  represent  lines  of  at- 
traction. At  a  certain  dis- 
tance from  S  they  will  com- 
prehend the  small  square  A ; 
at  twice  that  distance  they 
will  include  the  large  square 
B,  four  limes  the  siie  of  A  ■, 
and,  since  there  is  only  a  cet- 
taindelinite  amount  of  attrac- 
tion included  within  these 
lines,  it  is  dear,  that,  as  B  is 
four  limes  as  great  as  A,  the  ^^ 

at  trad  ion   exerted   upon   a 

portion  of  B  equal  to  A  irill  be  only  one-fourth  that  which  it  would 
experience  when  in  the  position  marked  A,  just  half  as  far  from  S. 

As  gravitative  attraction  is  the  common  property  of  all  bodies,  it 
may  be  asked  why  all  bodies  not  fastened  10  ihe  earth' 
surface  do  not  come  in   contact.     They  would   do  s 
were  it  not  for  the  overpowering  influence  of  the  earth's   go  ihi 
attraction,   which  in   a  great   measure    neutralizes    or   earth'i  lur- 
overcomes  the  mutual  attraction  of  smaller  bodies  on  its   Ij^.t^."* 

We  throw  up  a  feather  into  the  air,  and  it  falls  through  the  influ- 
ence  of  Ihe  earth's  attraction;  but,  as  all  bodies  attract  Doetafeath- 
each  other,  the  feather  must  also  attract,  or  draw  up,  ei  attract  the 
the  earth,  in  some  degree,  toward  itself.  This  it  really  ""'' ' 
does,  with  a  force  proportioned  to  its  mass  ;  but,  as  the  mass  of  the 
earth  is  inliniiely  greater  than  the  mass  of  the  feather,  the  influence  of 
the  feather  is  infinitely  small,  and  we  arc  unable  to  perceive  it. 

In  some  instances,  where  bodies  are  free  to  move,  the  mutual  at- 
traction of  all  matter  exhibits  itself.    Two  leaden  balls 
suspended   by  a  string  near  each  other  are  found   by   luatrattoni  ot 
delicate  tests  to  attract  each  other,  and  therefore  not  to   mutual  at- 
hang  quite  perpendicular.    A  leaden  weight  suspended   "■'=''°'' ' 
near  the  side  of  a  mountain  inclines  toward  il  to  an  extent  propor- 
tionate to  the  m^nitude  o(  the  mountain  (Fig.  5), 
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The  earth  attracts  the  moon,  and  this  in  turn  attracts  the  earth. 
What  ii  the  The  solld  particles  of  matter 
euiK  of  upon  the  earth's  sutf ace,  not  be- 

tide* I  jfig  ffgj  ,g  move,  do  not  sensibly 

show  the  influence  of  the  mbon's  attraction ; 
but  the  particles  of  water  composing  the  ocean, 
being  free  to  move,  furnish  us  evidence  of  this 
attraction  in  the  phenomena  of  the  tides. 
When,  by  the  revolution  of  the  earth,  a  certain 
portion  of  its  surface  is  brought  within  the 
direct  influence  of  the  moon's  attraction,  the 
surface  of  the  ocean  is  attracted,  or  drawn  up, 
to  form  a  wave.  This  u-ave,  or  elevation  of 
the  surface  of  the  water,  occurring  unifonnly,  is 
called  a  tide ;  when  the  moon  is  the  nearest  to  the 
earth  its  attraction  is  the  greatest,  and  at  these 
periods  we  have  high  tides,  or  '■  high  water." 

57.  All  bodies  upon  the 
earth  are  attracted  toward 
its  center.     This  we  call 
terrestrial  gravitation. 

The  attraction  of  the  earth  is  not  the  same  at  all 
WhatiBthe  distances  from  the  center,  being  greatest 
Uw  of  the  at  the  surface,  and  decreasing  upward  as 
traction?  the  square  of  the  distance  from  the  center 
increases,  and  downward  simply  as  the  distance  from 
the  center  decreases.* 

58.  When  a  body  falls  to  the  earth,  it  descends 
because  it  is  attracted  toward  the  center 
body  at  iMt  of  the  earth.  When  it  reaches  the  surface 
J'^°of*'ihe'  of  the  earth,  and  rests  upon  it,  its  tendency 
(r"ctedV  '"  'continue  to  descend  toward  the  center 
is  not  destroyed,  and  it  presses  downwards 
with  a  force  proportioned  to  the  degree  by  which  it 
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is  attracted  in  this  direction.     This  pressure  we  call 
weight. 

59.  Weight   is,   therefore,   the   measure  of   force 
with  which   a   body   is   attracted   by   the  what  is 
earth.     In    ordinary   language,    it    is    the  we*«ht? 
quantity   of  matter   contained   in    a  body,  as  ascer- 
tained by  the  balance. 

Weight  being,  then,  the  measure  of  the  earth's  attraction,  it  follows, 
that,  as  the  attraction  of  the  earth  varies,  weight  must    n^^  ^^^ 
also  varv,  or  a  body  will  not  have  the  same  weight  at  all    weight 
places.  '  ^««^y^ 

The  weight  of  a  body  will  be  greatest  at  the  surface  of  the  earth, 

and  greatest  at  those  points  upon  the  surface  which  are    „,^ 

*      ,  '^  Where  will  a 

nearest  the  center.  body  weigh 

As  the  earth  is  not  a  perfect  sphere,  but  flattened  at   the  most, 

the  poles,   the   poles  are  nearer  the  center   than  the    wid  where 
.    ,     ,        »        r  ■,.    »  1  .    the  least? 

equator.     A  body,  therefore,  will  be   attracted  most 

strongly,  that  is,  will  weigh  the  most,  at  the  poles,  or  at  that  portion 

of  the  earth's  surface  which  is  nearest  the  center,  and  weigh  the  least 

at  the  equator,  or  at  that  portion  of  the  earth's  surface  which  is  most 

remote  from  the  center. 

A  ball  of  iron  weighing  one  thousand  pounds  in  the  latitude  of  the 

dty  of  New  York,  at  the  level  of  the  sea,  will  gain  three  pounds  in 

weight  if  removed  to  the  north  pole,  and  lose  about  four  pounds  if 

conveyed  to  the  equator. 

60.  If  a  body  be  lifted  above  the  surface  of  the 
earth,  its  weight  will  decrease  in  accord- 

•111  1  1  f    How  docs 

ance  with  the  law,  that  the  attraction  of  weight  vary 

gravitation  decreases  upward  from  the  sur-  "'omMle^*^" 

face  as  the   square   of  the  distance  from  «arth'8»ur- 
the  center  of  the  earth  increases. 

The  weight  of  a  body,  therefore,  will  be  four  times  greater  at  the 
earth's  surface  than  at  double  the  distance  of  the  surface  from  the 
center ;  or  a  body,  weighing  one  pound  at  the  earth's  surface,  will  have 
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only  one-fourth  of  that  weiglit  if  removed  as  far  from  the  surface  of 
the  earth  as  the  surface  is  from  the  center. 


How  does 
weight  vary 
as  we  de> 
scend  from 
the  surface  ? 


6 1.  As  the  attraction  of  gravitation  de- 
creases downward  from  the  surface  to  the 
center   of  the   earth   simply  as  the  dis- 
tance decreases,  weight  will   decrease   in 
like  manner. 

A  body  weighing  a  pound  at  the  surface  of  the  earth  will  weigh 
only  half  a  pound  at  one-half  the  distance  from  the  surface  to  the 
center. 

62.  At  the  center  of  the  earth  a  body  will  neces- 
...     sarily  lose  all  weight,  since,   being   sur- 

Wherowill  ^  e>      »  »  & 

a  body  have  roundcd  on  all  sides  by  an  equal  quantity 
no  we»g  .  ^j  matter,  it  will  be  attracted  equally  in 
all  directions,  and  therefore  cannot  exert  a  pressure 
greater  in  one  direction  than  in  another. 

As  the  attractive  force  which  the  earth  exerts  upon  a  body  is  pro- 

What  are  portioned  to 
heavy  and  its  mass,  or  to 
light  bodies  ?    the  quantity  of 

matter  contained  in  it,  and 
as  weight  is  merely  the  meas- 
ure of  such  attraction,  it  fol- 
lows that  a  body  of  a  large 
mass  will  be  attracted  strong- 
ly, and  possess  great  weight; 
*'\     while,  on  the  contrary,  a  body 
'    made  up  of  a  small  quantity 
;  of  matter  will  be  attracted 
I  in  a  less  degree,  and  possess 
/    less  weight.     We  recognize 
this  difference  of  attraction 
by    calling    the    one    body 
heavy,  and  the  other  light. 
If,  as  is  represented  in  Fig.  6,  we  place  a  mass  of  lead,  <i,  at  one 
extremity  of  a  well-balanced  beam,  and  a  feather,  ^,  at  the  other,  we 
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Fig.  6. 


ATTRACTION    OF    GKAVITATION.  33 

shall  find  that  the  lead  is  drawn  to  the  earth  with  a  force  exactly  equal 
to  the  superiority  of  its  mass  over  that  of  the  feather.  If,  however, 
we  tie  on  a  sufficient  number  of  feathers  to  make  up  a  quantity  of 
matter  equal  to  that  of  the  lead,  the  equilibrium  is  restored,  —  the  two 
quantities  are  attracted  with  equal  force,  and  the  beam  is  supported  in 
a  horizontal  position. 

63.  In  all  the  operations  of  trade  and  commerce, 
we  sell  or  exchange  a  given    quantity  of  what  u  a 
one   article    or   substance    for  a    certain  •y".**™®' 

weignts  ana 

quantity  of  some  other  article  or  substance,  nueasurea? 
—  so  much  flour  for  so  much  sugar,  or  so  much 
sugar  and  flour  for  so  much  gold.  Hence  the  neces- 
sity, which  has  existed  from  the  earliest  ages,  of 
having  some  fixed  rules  or  standards,  according  to 
which  different  quantities  of  different  substances 
may  be  compared.  A  set,  or  series,  of  such  rules  or 
standards  of  comparison,  is  called  a  system  of  weights 
and  measures. 

Various  nations  adopt  different  standards ;  but  in  the    ,.,.    ^       ^. 

*■  What  are  the 

civilized  and  commercial  world  but  two  great  systems   two  great 

of   weights    and    measures    are    generally    recognized,    •yitemsol 

These  are  known  as  the  English  and  the  French   svs-   weights  and 

^  measures  f 

terns. 

64.  In  constructing  a  system  of  weights  and  meas- 
ures,  it   is  desirable   to  fix    upon    some  „,^    . 

'  *  What  la  ne- 

dimension  which  shall  forever  serve  as  a  ceasaryin 
standard   or   unit   from   which    all    other  JunL'dof 
weights   and   measures    may   be    derived,  ™^"""^ 
and  by  which  they  may  be   compared  and  verified. 
An  artificial  standard  —  and  originally  all  measures 
were   based  on  artificial  standards  —  can  readily  be 
falsified,  and  may  even  be  entirely  lost  or  destroyed, 
thus  creating  great  confusion. 
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Thus,  in  the  English  system,  the  standard  unit,  or  standard  of 
length,  is  the  yard.  This  appears  to  have  had  its  origin  in  the  reign  of 
Henry  I.,  who  ordered  that  the  ulna^  or  ancient  ell  (which  corresponds 
to  the  modern  yard),  should  be  made  of  the  exact  length  of  his  own 
arm,  and  that  the  other  measures  of  length  should  be  based  upon  it. 
The  yard  thus  ordained  was  divided  into  three  feet,  or  thirty-six  inches. 
In  1824  the  English  Parliament,  with  a  view  of  obtaining  a  fixed  ^nd 
definite  standard  of  length,  enacted  that,  if  the  standard  yard  be 
injured  or  destroyed,  it  should  be  restored  by  a  comparison  with  the 
length  of  a  pendulum  vibrating  seconds  in  the  latitude  of  London 
[§99];  and  this  measurement  was  computed  at  39.1393  inches.  In 
1834  the  Parliament  house  was  burned,  and  with  it  the  standard  yard. 
But  a  standard  yard  was  subsequently  constructed  from  the  best 
authenticated  copies  of  the  old  standard. 

65.  In  the  English  system  —  which  is  the  one  u^d  in  the  United 
^^.  States  —  there   are   two  systems  of  weights,  Troy  and 

the  two  ays-  Avoirdupois  weight.  Troy  weight  is  principally  used 
terns  of  for  weighing  gold  and  silver ;  avoirdupois,  for  weighing 

weight  ?  merchandise  other  than  the  precious  metals.     It  derives 

its  name  from  the  French  avoir  {to  have),  and  poids  {weight).  The 
smallest  weight  made  use  of  in  the  English  system  is  a  grain.  By  a 
law  of  England  enacted  in  1286,  it  was  ordered  that  32  grains  of  wheat, 
well  dried,  should  weigh  a  pennyweight.  Hence  the  name  grainy 
applied  to  this  measure  of  weight.  It  was  afterward  ordered  that  a 
pennyweight  should  be  divided  into  only  24  grains. 

To  obtain  a  standard  of  weight,  a  cubic  inch  of  distilled  water,  of 
the  temperature   of   62°   Fahrenheit's   thermometer,  is 
obtain  a  taken  and  weighed.     This  weight  is  divided  into  252,458 

standard  of  equal  parts;  and,  of  these,  1,000  will  be  a  grain.  The 
weight  ?  grain  multiplied  gives  ounces,  pounds,  &c.     By  dividing 

thin  plates  of  metal  of  uniform  thickness  and  known  weight,  sub- 
divisions of  the  grain  weight  are  obtained. 

To  obtain  standards  of  liquid  measure,  ten  pounds, 
obtain  stand-  ^^  70fOOO  grains,  of  distilled  water,  at  the  same  tempera- 
ards  of  liquid  ture,  are  made  to  constitute  a  gallon.  The  gallon,  by 
measures  ?        division,  gives  quarts,  pints,  and  gills. 

66.  The  French  system  of  weights  and  measures 
is  constructed  on  a  different  plan,  and  originated  in* 
the  following  manner :  — 
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In   1788  Ihe  FrtHch  Gntmmint,  feeling  the  neceasily  of   having 
some  standard  by  which  all  weights  and  measuies  mighl 
be  compared  and   made   uniform,  ordered  a   scientific   eoaitTMlimi 
inquiiy  to  be  made ;  the  result  of  which  was  the  estab-   oftbcFnnch 
lishment  of  the  present  system  of  French  leeighis  and   »y«"in  ol 
mfoiurts,  which,  from  its  perfect  accuracy  and  simpli-    |^^^",*^ 
city,  is  superior  to  all  other  systems.     It  Is  sometimes 
called  the  decimal  system,  all  its  divisions  being  made  by  ten. 

I'he  French  standard  is  based  on  an 
invariable  dimension  of  Iht  glebe;  viz., 
a  foHrlh  part  of  Ihe  earth's  meridian. 
or  the  fourth  part  of  the  largest  circle 
passing  through  the  poles  of  the  earth 
(from  N.  to  E.,  Fig.  7).  This  distance 
is  divided  into  io,ooo/»o  equal  parts.  , 
and  a  single  ten-millionth  part  adopted 
as  a  measure  of  length,  and  called  a 
meter.  The  leng;th  of  the  meter  is  ! 
about  39  English  inches.     By  multiply-  ^"^^  '■ 

ing  or  dividing  this  quantity  by  ten,  the  other  varieties  of  weights  and 
'e  obtained.     (See  table  at  end  of  book,) 


Prutlcal  Problems  on  th«  Attraction  of  Gravitation.  > 

I.  SuppDK  two  bodies,  one  weighing  30  vid  the  olber  90  poundi,  utuale 
La  move  toward  each  other  imdei  die  inAucDce  of  piiiiubI  ■ 
I  each  pass  over  berore  Ihey  came  in  contact  t 


Sffulift.  —  The  force  of  p 
from  the  center  increaae^ :  weight,  therefore,  will  decreaH  in  Lilce  pTOpomoo,  The 
diitaDce  of  the  btxly  upon  the  Huiface  of  the  eanh,  from  the  center,  is  4,000  mites.  Its 
distance  from   the  center,  at  a  point  4,000  miles  above  the  sotfice.  is  8,000,     The 

3.  Wh»  will  be  the  weight  of  Ihe  same  body  removed  &,ooo  miles  fntm  the  4ailh's 
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5.  How  far  above  the  surface  of  the  earth  must  a  pound  weight  be  carried  to 
make  it  weigh  one  ounce  avoirdupois  ? 

6.  What  would  a  body,  weighing  800  pounds  upon  the  earth's  suriaoe,  weigh  1,000 
miles  below  the  surface  ? 

The  force  of  gravity  decreases  as  we  descend  from  the  surface  into  the  earth, 
simply  as  the  distance  downward  increases  :  weight  being  the  measure  of  gravity,  it 
therefore  decreases  in  the  same  proportion,  lite  distance  from  the  surface  of  the  earth 
to  the  center  may  be  assumed  to  be  4,000  miles.  1,000  miles  is  one-fourth  of  4»ooo. 
The  distance  being  decreased  one-fourth,  the  weight  is  diminished  in  like  proportion ; 
and  the  body  will  lose  200  pounds,  or  its  total  weight  would  be  600  pounds. 

7.  Suppose  a  body  weighing  800  pounds  upon  the  surface  of  the  earth  were  sunk 
3,000  miles  below  the  suriaoe,  what  would  be  its  loss  in  weight  ? 

8.  If  a  mass  of  iron  ore  weighs  ten  tons  upon  the  earth's  surface,  what  would  it 
weigh  at  the  bottom  of  a  mine  a  mile  below  the  surface  ? 

9.  What  will  be  the  weight  of  the  same  mass  at  the  bottom  of  a  mine  one-half  a 
mile  below  the  earth's  surface  ? 


SECTION   I. 


CENTER  OF  GRAVITY. 


What  is  the  6/.  The  Center  of  Grawiiy  in  a  body  is 
gTaWty°ina  ^^at  point  about  which,  if  supported,  the 
body?  whole  body  will  balance  itself. 

In  every  body,  of  whatever  size  or  form,  a  point  may 
1)e  found,  about  which,  if  supported,  all  the  parts  of  the 
body  will  balance,  or  remain  at  rest.  Every  body  may 
be  considered  as  made  up  of  separate  particles,  each 
acted  upon  separately  by  gravity ;  but  as  by  supporting 
this  one  point  we  support  the  whole,  as  by  lifting  it  we 
lift  the  whole,  and  as  by  stopping  it  we  cause  the  whole 
body  to  rest,  the  whole  attraction  exerted  on  the  entire 
considered  as  concentrated  at  this  one  point;  and  this 
the  Center  of  Gravity. 

68.  The  Center  of  Magnitude  of  a  body  is 
the  central  point  of  the  bulk  or  mass  of 
the  body. 


How  may 
we  consider 
the  whole 
attraction 
exerted  on  a 
body  con- 
centrated at 
its  center  of 
gravity  ? 

mass  may  be 
point  we  call 


What  is  the 
center  of 
magnitude  ? 
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69.  When  a  body  is  of  uniform  density,  the  center 
of  gravity  will  coincide  with  its  center  of 
magnitude ;  but,  when  one  part  of  a  body  is  center*©* 
composed  of  heavier  materials  than  another  ^^*^  ^^  * 
part,  the  center  of  gravity  no  longer  corre- 
sponds with  the  center  of  magnitude,  or  the  central 
point  of  the  bulk  of  the  body. 

Thus,  in  a  sphere,  a  culie,  or  a  cylinder,  the  center  of  gravity  is  the 
same  as  the  center  of  the  body.  In  a  ring  of  uni- 
form size  and  density  the  center  of  gravity  is  the  cen- 
ter of  the  space  enclosed  in  the  ring  (see  Fig.  8). 
This  example  shows  that  the  center  of  gravity  is  not 
necessarily  included  in  that  portion  of  space  occupied 
by  the  matter  of  the  body. 

In  a  wheel  of  wood  of  uniform  density  and  thick-  f  »g-  8- 

ness,  the  center  of  gravity  will  be  the  center  of  the  wheel ;  but,  if  a 
part  of  the  rim  be  made  of  iron,  the  center  of  gravity  will  be  removed 
to  some  point  aside  from  the  center. 

When  two  bodies  are  connected  together,  they  may  be  regarded  as 
one  body,  having  but  one  center  of  gravity.  If  the  two  bodies  be  of 
equal  weight,  the  center  of  gravity  will  be  in  the  middle  of  the  line 
which  unites  them  ;  but,  if  one  be  heavier  than  the  other,  the  center  of 
gravity  will  be  as  much  nearer  the  heavier  body  as  the  heavier  exceeds 
the  lighter  one  in  weight.  Thus,  if  two 
balls,  each  weighing  four  pounds,  be  con-  j    ^^j. 

nected  together  by  a  bar,  the    center  of    A- ^mt 

gravity  will  be  a  ix)int  on  the  bar  equally  ^^^ 

distant  from  each ;  but,  if  one  of  the  balls  '  ^' 

l>e  heavier  than  the  other,  then  the  center  of  gravity  will,  in  proportion, 
approach  the  larger  ball.  This  is  illustrated  by  reference  to  Fig.  9,  in 
which  the  center  of  gravity  about  which  the  two  balls  support  them- 
selves is  seen  to  be  nearest  to  the  heavier  and  larger  ball. 

The  center  of  gravity  of  a  body  being  regarded  as  the  point  in 

which  the  sum  of  all  the  forces  of  gravity  acting  upon    When  will 

the  separate  particles  of  the  body  are  concentrated,  it    the  center  of 

may  be  considered  as  influenced  by  the  attraction  of  the    8^'*^**^    *  *° 
^  ^  permanent 

earth  in  a  greater  degree  than  any  other  portion  of  the    rest  or 
body.     It  follows,  therefore,  that,  if  a  body  has  freedom    equilibrium  ? 
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By  what  ex- 
periment can 
you  illus- 
trate this 
principle  ? 


of  motion,  it  cannot  be  brought  into  a  position  of  permanent  equilib- 
rium until  its  center  of  gravity  occupies  the  lowest  situation  which 
the  support  of  the  body  will  allow ;  that  is,  the  center  of  gravity  will 
descend  as  far  toward  the  center  of  the  earth  as  possible. 

70.  By  Equilibrium  we  mean  a  state  of 

What  do  we  ^  ,  ,    ,         ,  ,     , 

mean  by        rest  produced  by  the  counterpoise  or  bal- 

equilibrium  ?  r  'a.     £ 

ancing  of  opposite  forces. 

Thus,  when  one  force  tending  to  produce  motion  in  one  direction  is 
opposed  by  an  equal  force  tending  to  produce  motion  in  an  exactly 
opposite  direction,  the  two  balance  each  other,  and  no  motion  results. 
To  produce  any  action,  there  must  be  an  inequality  in  the  condition  of 
one  of  the  forces. 

The  truth  of  this  principle  may  be  illustrated  by  certain  experi- 
ments, which  at 
first  seem  to  be 
contradictory  to 
it.  Thus  a  cyl- 
inder may  be 
made  to  roll  up  an  inclined 
plane.  Fix  a  piece  of  lead,  /, 
Fig.  10,  on  one  side  of  the  cylinder  a,  so  that  the  center  of  gravity  of 
the  cylinder  will  be  at  the  point  /,  while  its  center  of  magnitude  is 
at  c.  The  cylinder  will  then  roll  up  the  inclined  plane  to  the  position 
rt/,  because  the  center  of  gravity  of  the  mass,  /,  will  endeavor  to 
descend  to  its  lowest  point. 

A  billiard-ball  may  be  caused  to  roll  from  the  thin  to  the  thick 
ends  of  two  billiard-cues  placed  at  an  angle,  as  shown  in  Fig.  1 1. 
This  apparent  exception  to  the  general  law  of  gravity  is  easily  ex- 
plained by  reference  to  Fig.  11.  The  sections  A  and  B  show  that  the 
center  of  gravity  of  the  ball  is  raised  at  starting,  and  the  ball  moves 
in  consequence  of  its  falling  from  a  high  to  low  level. 

71.  The  stability  of  a  body  depends 
upon  the  manner  in  which  it  is  supported ; 
or,  in  other  words,  upon  the  position  of  its 
center  of  gravity. 

A  prop  that  supports  the  center  of  gravity  supports  the  whole 
body.    This  support  may  be  applied  in  three  different  ways :  i.  The 


Fig.  10. 


Upon  what 
does  the  sta 
bility  of  a 
body  de- 
pend? 
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point  of  support  may  be  applied  directly  to  the  center  of  gravity  of 
the  body.  2.  The  point  of  support  may  have  the  center  of  gravity 
immediately  below  it.  3.  The  point  of  support  may  have  the  Genter 
of  gravity  immediately  above  it. 


Fig.  11. 


72.  As  a  body  may  be  supported  in  three 
positions,  we  have,  as  a  consequence,  three 
conditions  of  equilibrium  ;  viz.,  Indifferent ^ 
Stable,  and  Unstable  Equilibrium. 

Indifferent  Equilibrium  occurs  when  a  body  is  sup- 
ported upon  its  center  of  gravity ;  for  then  it  remains 
at  rest  indifferently  in  every  position. 

This  is  illustrated  in  the  case 
of  a  common  wheel,  where  the 
center  of  gravity  is  also  the  cen- 
ter of  the  figure ;  and,  this  being 
supported  on  the  axle,  the  wheel 
rests  indifferently  in  any  position. 
In  Fig.  12,  let  rt,  the  center  of  the 
wheel,  which  is  also  its  center  of 
gravity,  be  supported  by  an  axle : 
the  wheel  rests,  no  matter  to  what 
extent  we  turn  it. 


Fic.  12. 


What  are  the 
three  condi- 
tions of 
equilibrium  ? 


What  is  io. 
different 
equilibrittm  ? 


^h 


tv 
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Fig.  13. 


StabJe  Equilibrium  occurs  when  the  point  of  support  is  above  the 
What  is  center  of  gravity.     If  a  body  be  moved  from  this  position, 

stable  it  swings  backward  and  forward  for  a  time,  and  finally 

equilibrium  ?    returns  to  its  original  situation. 

Thus,  in  Fig.  1 2,  let  the  wheel,  the  center  of  gravity  of  which  is  at 

rt,  be  suspended  from  the  point  ^  by  a 
thread,  or  hung  upon  an  axle,  having 
freedom  of  motion  on  that  point.  How- 
ever much  we  may  move  it,  either  right 
or  left,  toward  m  or  «,  as  shown  by  the 
dotted  lines  a  m  and  a  //,  it  swings  back 
again,  and  is  only  at  rest  when  b  and  a 
are  in  the  same  perpendicular  line. 

This  is  the  principle  of  the  toy  repre- 
sented in  Fig.  13.  The  horse,  with  his 
rider,  is  firmly  supported  on  his  hind-feet, 
because,  by  means  of  a  leaden  ball  at- 
tached to  the  bent  wire,  the  center  of 
gravity  is  brought  below  the  point  of  support. 

Unstable  Equilibrium  occurs  when  the  point  of  support  is  beneath 
What  is  un-  ^^^  center  of  gravity.  The  pendency  of  the  center  of 
stable  equi-  gravity  in  such  cases  is  to  change,  and  take  the  lowest 
Hbnum  ?  situation  the  support  of  the  body  will  allow. 

In  Fig.  12,  suppose  the  wheel  to  be  supported  at  the  point  c,  situ- 
ated in  a  vertical  line  a  r,  immediately  below  the  center  of  gravity,  a : 
so  long  as  this  position  is  maintained,  the  wheel  will  remain  at  rest ; 
but  the  moment  the  center  of  gravity,  a,  is  moved  a  little  to  the  right 
or  left,  so  as  to  throw  it  out  of  the  vertical  line  joining  a  and  r,  the 
wheel  will  turn  over,  and  assume  such  a  position  as  to  bring  the  center 
of  gravity  immediately  beneath  the  point  of  support,  as  in  the  second 
case. 

The  principle  that  when  a  body  is  suspended  freely  it  will  have  its 
center  of  gravity  in  a  vertical  line,  immediately  below 
the  point  of  support,  has  been  taken  advantage  of  to 
determine  experimentally  the  position  of  the  center  of 
gravity  in  irregular-shaped  bodies.  Suppose  .we  sus- 
pend, as  in  Fig.  14,  an  irregular  piece  of  stone  by 
means  of  cord.  A  plumb-line  let  fall  from  the  point 
of  support,  or  the  prolongation  of  the  cord,  will  pass  through  the 
center   of  gravity,  G.     If  we  now  attach  the  cord  to  another  point, 


How  may  we 

determine 
the  center  of 
gravity  in 
irregular 
bodies  ? 
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uid  suspend  the  body  anew,  the  prolongation  of  ihe  cord  i: 
insWnce  also  will  pass  through  the 
center  of  gravity,  G.  The  intersec- 
tion of  these  two  lines  will  be  the 
cenlet  of  gravity;  and  Ihe  stone,  if 
suspended  by  a  cord  attached  to  this 
point,  will  hang  evenly  balanced. 


73,  A  line  which  connects 
the  center  of  grav-  ^^  ,  ^j,^ 
ity  of  a  body  with  une  of  dim:. 
the  center  of  the  '"'  i 
earth  —  or,  in  other  words,  a 
line  drawn  from  the  center 
of  gravity  perpendicularly 
downward  —  is    called    the  i-iu.  n. 

Lino  of  Diroction.  It  is  called  the  line  of  direction, 
because,  when  a  solid  body  falls,  its  center  of  gravity 
moves  along  this  line  until  it  reaches  the  ground. 
When  bodies  are  supported  upon  a  basis,  their  stabili- 
ty depends  on  the  position  of  their  line  of  direction. 

74.  If  the  line  of  direction  falls  within 

the  base  upon  which  the  body  stands,  the  body°und,' 
body  remains  supported;  but,  if  it  falls  "J,^^^"p 
without  the  base,  the  body  overturns. 
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'Thus,  ill  Fig.  15,  the  line  directed  vertically  from  the  center  of 
gravity,  G,  falls  within  the  base  of  the  body,  and  it  remains  standing ; 
but  in  Fig.  16  a  similar  line  falls  without  the  base,  and  the  body,  con- 
sequently, cannot  be  maintained  in  an  upright  position,  and  must  fall. 
A  wall  or  tower  stands  securely  so  long  as  the  perpendicular  line 
drawn  through   its  center  of 
gravity  falls  within  its  base. 
The  celebrated  Leaning  Tow- 
er of  Pisa,  180  feet  high,  which 
inclines   14  feet  from  a  per- 
fectly upright  position,  is  an 
example  of  this  principle.  For 
instance,  the  line   in  Fig.  17, 
falling  from  the  top  of  the  tow- 
er to  the  ground,  and  passing 
through  the  center  of  gravity, 
falls  within  the  base,  and  the 
lower   stands  securely.      If, 
however,  an  attempt  had  been 
made  to  build  the  tower  a  lit- 
tle higher,  so  that  the  petpen. 
dicular   line  passing  through 
:lie  center   of  gravity  would 
have  fallen  beyond  the  base,  the  .structure  could  no  longer  have  sup- 
ported itself. 

■   75.  The  broader  or  larger  the  base  of  a  body,  and 
the  nearer  its  principal  mass  is  to  the  base, 

When  wi[]  ■  -  ,  ,         ,        , 

bodyiMnd      — or,  in  Other  words,  the  Jower  its  center 
most   rmiy  ?  ^j  gravity  is,  —  the  firmer  it  will  stand. 

A  pyramid,  for  this  reasoii.  is  the  tirniest  o(  all  structures. 
The  base  upon  which  the  human  body  rests,  or  is  supported,  is  the 
two  feet,  and  (he  space  included  between  them.  The 
■dvantaEC  of  advantage  of  turning  out  the  toes  when  we  walk  is,  that 
turning  out  it  increases  the  breadth  of  the  base  supporting  the 
the  toei  in  body,  and  enables  us  to  stand  more  securely, 
walklnj?  j^^  ^^,^^^,  movement  of  the  body,  a  man  adjusts  his 

ay  as   to  support  the  center  of 
1  to  fall  within  the  base. 


CEMTER   OF  GRAVITT, 


Fig,  iB.  Fia.  ■». 

A  pereon  carrying  a.  load  upon  his  back  bends  fotward  in  order  ti 
bring  the  center  of  gravity  and  his  load  o»er  his  feel. 


If  he  carried  the  load  in  the  position  of  A,  Fig.  i8,  he  Why  dMi  a 

would  be  liable  to  fall  backward,  as  the  direction  of  the  P™""  ^^\ 

center  of  gravity  would  fall  beyond  his  heels:  to  bring  upon  hit 

the  center  of  gravity  over  his  feel,  he  assumes  the  posi-  b«th  b«nd 

tion  indicated  by  B,  Fig.   19.     For  the  same  reason,  ""'" 
when  a  man  ascends  a  hill  he  leans  forward,  and  when  he  descends  he 
leans  hack  ward. 
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A  high  carriage  is  much  more  liable  to  be  overset  by 
hiehcarHase  ^"  irregularity  in  the  road  than  a  low  one ;  because,  the 
more  liable  center  of  gravity  being  high,  the  line  of  direction  is 
to  overturn       easily  thrown  without  the  base. 

one*?*  °^  ^^^^  ^^^^  appear  evident  from  the  foregoing  illustra- 

tion, Fig.  20.  Here  it  is  evident  that  the  wagon  loaded 
with  bags  must  upset,  because  the  line  of  direction  falls  without  the 
base.  The  other  wagon  will  be  in  no  danger  of  overturning;  for  the 
line  of  direction  falls  within  the  base,  and  the  center  of  gravity  is  in  a 
low  position. 

If  a  body  be  placed  on  an  inclined  surface,  it  will  slide  down  when 

its  line  of  direction  falls  within 

body  slide         *^^  ^^^ '    ^^"*   '*  ^'^^   ^^^^   down 
and  when         when   it  falls  without   the  base. 

roll,  down  a     Thus  the  body  /-,  Fig.  2i,  having 

sloDe  ?  -f  c  <? 

its  line  of  direction,  ^  </,  within 

the  base,  will  slide  down  the  inclined  surface, 

c  d ;  but  the  body  b  a  will  roll  down,  since  its 

line  of  direction,  b  a,  falls  without  the  base. 

Practical  Questions  on  the  Center  of  Gravity. 

1 .  Why  docs  a  person  in  rising  from  a  chair  bend  forward  ? 

When  a  person  is  sitting,  the  center  of  gravity  is  supported  by  the 
seat.  In  an  erect  position,  the  center  of  gravity  is  supported  by 
the  feet.  Therefore,  l^efore  rising,  it  is  necessary  to  change  the  center 
of  gravity;  and,  by  bending  forward,  we  transfer  it  from  the  chair  to  a 
point  over  the  feet. 

2.  Why  is  a  turtle  placed  on  its  hack  unable  to  move  ? 

Because  the  center  of  gravity  of  the  turtle  is,  in  this  position^  at  the 
lowest  point,  and  the  animal  is  unable  to  change  it:  therefore  it  is 
obliged  to  remain  at  rest. 

3.  Why  do  very  fat  people  throw  back  their  head  and  shoulders  when  they  walk  ? 

In  order  that  they  may  effectually  keep  the  center  of  gravity  of  the 
body  over  the  base  formed  by  the  soles  of  the  feet. 

4.  Why  cannot  a  man,  standing  with  his  heels  close  to  a  perpendicular  wall,  bend 
over  sufficiently  to  pick  up  any  object  that  lies  before  him  on  the  ground,  without 
falling? 

Because   the  wall  prevents  him  from  throwing  pait  of   his  body 
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backward  to  counterbalance  the  head  and  arms  that  must  project  for- 
ward. 

5.  What  is  the  reason  that  persons  walking  arm  in  arm  shake  and  jostle  each 
other,  unless  they  make  the  movements  of  their  feet  to  correspond  as  soldiers  do  in 
marching? 

When  we  walk  at  a  moderate  rate,  the  center  of  gravity  comes 
alternately  over  the  right  and  over  the  left  foot.  The  body  advances, 
therefore,  in  a  waving  line ;  and,  unless  two  persons  walking  together 
keep  step,  the  waving  motion  of  the  two  fails  to  coincide. 

6.  In  what  does  the  art  of  balancing  or  walking  upon  a  rope  consist  ? 

In  keeping  the  center  of  gravity  in  a  line  over  the  base  upon  which 
the  body  rests. 

7.  Why  is  it  a  very  difficult  thing  for  children  to  learn  to  walk  ? 

In  consequence  of  the  natural  upright  position  of  the  human  body, 
it  is  constantly  necessary  to  employ  some  exertion  to  keep  our  balance, 
or  to  prevent  ourselves  from  falling,  when  we  place  one  foot  before 
the  other.  Children,  after  they  acquire  strength  to  stand,  are  obliged 
to  acquire  this  knowledge  of  preserving  the  balance  by  experience. 
When  the  art  is  once  acquired,  the  necessary  actions  are  performed 
involuntarily. 

8.  Why  do  young  quadrupeds  learn  to  walk  much  sooner  than  children  ? 

Because  a  body  is  tottering  in  proportion  to  its  great  altitude  and 
narrow  base,  A  child  has  a  body  thus  constituted,  and  learns  to  walk 
but  slowly  because  of  this  difficulty  (perhaps  in  ten  or  twelve  months) ; 
while  the  young  of  quadrupeds,  having  a  broad  supporting  base,  are 
able  to  stand  and  move  about  almost  immediately. 

9.  Are  all  the  limbs  of  a  tall  tree  arranged  in  such  a  manner,  that  the  line  directed 
from  the  center  of  gravity  is  caused  to  fall  within  the  basr  of  the  tree  ? 

Nature  causes  the  various  limbs  to  shoot  out  and  grow  from  the 
sides  with  as  much  exactness,  in  respect  of  keeping  the  center  of 
gravity  within  the  base,  as  though  they  had  been  all  arranged  artifi- 
cially. Each  limb  grows,  in  respect  to  all  the  others,  in  such  a  manner 
as  to  preserve  a  due  balance  between  the  whole. 
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SECTION   II. 

EFFECTS  OP  GRAVITY  AS  DISPLAYED  BY  FALLING  BODIES. 

^6,  When  a  body  falls,  its  motion  will  be  in  a 
What  ia  a  Straight  line  toward  the  center  of  the  earth, 
vertical  line  ?  -pi^jg  ^ixi^  jg  called  a  Vertical  Um. 

TJ.  If  a  body  be  suspended  by  a  thread,  the  thread 
whatiaa  ^ill  always  assume  a  vertical  direction, 
plumb-line?    qj.   \^   ^jij   represent   that   path  in  which 

the  body  would  have  fallen.  A  weight 
thus  suspended  by  a  thread  is  called  a 
Plumb-Line*  Fig.  22,  and  is  used  by 
carpenterSj  masons,  &c.,  to  ascertain 
by  comparison  whether  their  work 
stands  in  a  vertical  or  perpendicular 
position. 

j^.  A   plumb-line    is    al- 
ways perpendicular  to  the 
surface    of    water   at    rest 
The  position  of  such  a  surface  we  call 
Level, 


What  is  a 
level  sur- 
face? 


m 


Fig.  22. 


No  two  plumb-lines  upon  the  earth's  surface  will  be  parallel,  but 
will  incline  toward  each  other,  since  no  two  bodies  from  different 
points  can  approach  the  center  of  a  sphere  in  a  parallel  direction.  If 
their  distance  apart  be  one  mile,  this  inclination  will  amount  to  one 
minute ;  and  if  it  be  sixty  miles,  to  one  degree.  In  Fig.  23,  let  E  E  be 
a  portion  of  the  earth's  surface,  and  O  its  centre  :  dOyao^p  o^  and  co 
are  the  lines  that  represent  the  vertical  lines  at  those  points  of  the 
earth's  surface. 


*  Plumb-line,  so  called  from  the  Latin  word  plumbnmy  lead,  the  weight  usually 
attached  to  the  string. 
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79.  The  velocity  of  a  falling  body  is  independent 

of  its  mass. 

If  len  or  a  hundred  leaden  balls  be  disengaged  together,  they  will 
fall  in  the  same  time ;  and,  if  they  be  moulded  into  one  ball  of  great 
magntlude,  it  will  still  fall  in  the  same  maDner, 


80.  Hence  all  bodies  under  the  influence  of  gravity 
a/one  must  fall  with  equal  velocities." 

There  are  some  familiar  facts  which  seem  to  be  opposed  to  this 
law.    When  we  let  go  a  feather  and  a  mass  of  lead,  the 
one  floats  in  the  air,  and  the  other  falls  to  the  ground    pcrimenicu 
very  rapidly.    But  in  this  case  the  operation  of  gravity   you  prove 
is  modified  by  the   resistanee   of  the  air:   the   feather   thiilaw? 
floats  because  the  air  opposes  its  descent,  and  it  cannot  overcome  the 
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resistance  offered.     But  if  we  place  a  mass  of  lead  and  a  feather  in  a 
vessel  exhausted  of  air,  and  Uberate  them  at  the  same  time,  they  will 

fall  in  equal  periods.  The  experiment  is  easily 
shown  by  taking  a  glass  tube,  Fig.  24,  closed  at  one 
end,  and  supplied  with  an  air-tight  cap  and  screw- 
cock  at  the  other.  A  feather  and  a  piece  of  metal 
are  previously  enclosed  in  the  tube.  The  tube  being 
filled  with  air,  and  inverted,  the  metal  will  fall  with 
greater  speed  than  the  feather,  as  might  be  expected. 
If  the  tube  be  now  exhausted  of  air  by  means  of 
an  air-pump  and  the  screw-cock,  and  in  this  condi- 
tion inverted,  the  feather  and  the  metal  will  fall  from 
end  to  end  of  the  tube  with  equal  velocity. 

Si.  The  force  with  which  a  falling  body  strikes 
the  ground  depends  upon  the  height 
from  which  it  falls.  But  the  force  de- 
pends on  the  velocity  of  the  body  the 
moment  it  touches  the  ground :  there- 
fore the  velocity  with  which  a  body 
falls  depends  also  upon  the  height  from 
which  it  descends. 

82.  When  a  body  falls,  it  is  attracted  by  gravity 
„        .  during    the  whole   time   of    its  falling. 

gravity  act       Gravity  does  not  merely  set  the  body 
on  a  falling       in  motion,  and  then  cease,  but  it  con- 
®  ^ '  tinues  to  act.     During  the  first  second 

of  time  the  force  of  gravity  will  cause  the  body 
to  descend  through  a  certain  space.  At  the  end  of 
this  time  the  body  would  continue  to  move  with  the 
motion  it  has  acquired,  without  the  action  of  any 
further  force,  merely  on  account  of  its  inertia;  but 
gravity  continues  to  act,  and  will  add  as  much  more 
motion  to  the  falling  body  during  the  second  second  of  time  as  it  did 
during  the  first  second,  and  as  much  again  during  the  third  second, 
and  so  on. 


'■\ 


Fig.  24. 


Upon  what 
do  the  force 
and  veloci- 
ties of  fall- 
ing bodies 
depend  ? 


What  is  the        g^    Falling   bodies,   therefore,    descend 

law  of  fall-  »7  o  »  f  ^ 

ing bodies?  to   the  earth  with   a   uniform   accelerated 

motion.  A  body  falling  from  a  height  will  fall  six- 
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teen  feet  in  the  first  second  of  time,*  three  times  that 
distance  in  the  second,  five  times  in  the  third,  seven 
in  the  fourth ;  the  spaces  passed  over  in  each  second 
increasing  as  the  odd  numbers  i,  3,  5,  7,  9,  11,  &c. 

84.  The  entire  space  passed  over  by  a  how  do 
body  in  falling  is  as   the   square   of   the  **»«»P*ce 

J  ^  1  ^  passed  over 

time  :  that  is,  in  twice  the  time  it  will  fall  and  the  time 
through  four  times  the  space ;   in  thrice  body  com. 
the  time,  nine  times  the  space.  +  ^*"' 

The  time  occupied  in  falling,  therefore,  being  known,  the  height 
from  which  a  body  falls  may  be  calculated  by  the  following  rule : — 

85.  Multiply  the  square  of  the  number  Time  being 

J  i^  J  ^  ^  given,  how 

of  seconds  of  time  consumed  in  falling  by  can  the 
the  distance  which  a  body  will  fall  in  one  which  a 
second  of  time.  "^Uf*  '^ 

Thus  a  stone  is  five  seconds  in  falling  from  the  top  of  a  precipice. 
The  square  of  five  seconds  is  25 :  this  multiplied  by  16,  the  number  of 
feet  a  body  will  fall  in  one  second,  gives  400,  —  the  height  of  the 
precipice. 

86.  As  the  effect  of  gravity  is  to  pro-  How  do  the 
duce   a   uniform   accelerated   motion,  the  velocities 
velocity  of  a  falling  body  will  increase  as  failing  com- 
the  time  increases.  ^*" 

Thus,  at  the  end  of  two  seconds  the  velocity  acquired  by  a  falling 
body  will  be  twice  as  great  as  at  the  end  of  one  second,  thrice  as  great 
at  the  end  of  the  third  second,  and  so  on. 

The  following  table  exhibits  an  analysis  of  the  motions  of  a  falling 

*  The  spaces  described  by  falling  bodies  are  here  given  in  round  numbers,  the 
fractions  being  omitted.  The  space  described  by  a  falling  body  during  the  first  sec- 
ond b  sixteen  and  one-tenth  feet. 

t  The  resistance  of  the  air  essentially  modifies  the  laws  of  the  motions  of  falling 
bodies,  as  here  stated,  and,  with  a  certain  velocity,  will  become  equal  to  the  weight  of 
the  falling  body.  After  this  takes  place,  the  body  will  descend  with  a  uniform  velo- 
city. There  is,  therefore,  a  limit  to  the  velocity  which  a  body  can  acquire  by  foiling 
through  the  atmosphere. 


so 
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body :  the  spaces  passed  over  in  each  interval  of  time  of  falling  in- 
creasing as  the  odd  numbers  if  3t  5t  7i  9»  &c.;  the  velocities  acquired 
at  the  end  of  each  interval  increasing  directly  as  the  times,  and  the 
whole  space  passed  over  being  as  the  squares  of  the  times. 


Number  of  seconds 
in  the  fall,  count- 
ed from  a  state  of 
rest. 

Spaces  fallen  through 
in  each  successive 
second. 

Velocities  acquired  at  > 
the  end    of   num-| 
ber  of  seconds  ex-| 
pressed      in     first 
column.                   j 

1 

Total    height    fallen 
through  from  rest 
in  the  number  of 
seconds  expressed 
in  first  column. 

I 

I 

2 

I 

2 

3 

4 

3 

5 
7 

t 

8 

4 

9 
i6 

1 

9 
II 

to               1 

12 

^ 

7 
8 

9 

>3 
'5 
J7 

i6 

i8 

8i 

10 

19 

i 

lOO 

Where  extreme  accuracy  is  not  required,  most  of  the  problems 
connected  with  the  descent  of  falling  bodies  may  be  worked,  by  this 
table,  with  great  readiness ;  sixteen  feet,  the  space  passed  through  by 
a  falling  body  in  one  second,  being  taken  as  the  common  multiple  of 
distances  and  velocities. 

Thus,  to  ascertain  the  height  from  which  a  body  would  fall  in  five 
seconds,  take,  in  the  fourth  column  of  the  table,  the  number  opposite 
5  seconds,  which  is  25,  and  multiply  it  by  16 :  the  product,  400,  will 
be  the  height  required.  Problems  of  this  character  may  also  be 
worked  by  the  rule  given  (§  85). 

In  the  same  manner,  if  it  be  required  to  determine  the  space  a  fall- 
ing body  would  descend  through  in  any  particular  second  of  its  motion, 
—  as,  for  example,  the  fifth  second,  —  we  take,  in  the  second  column  of 
the  table,  the  number  opposite  5  seconds,  which  is  9,  and  multiply  it  by 
16:  the  product,  144,  is  the  space  required. 

In  like  manner,  if  it  be  required  to  determine  with  what  velocity  a 
body  would  strike  the  ground  after  falling  during  an  interval  of  five 
seconds,  we  take  the  number  in  the  third  column  of  the  table  opposite 
5  seconds,  which  we  find  to  be  10,  and  multiply  this  by  16.  The  prod- 
uct, 160  feet,  will  be  the  velocity  required;  and  a  body  thus  falling 
for  five  seconds  would  have,  when  it  strikes  the  ground,  a  velocity  of 
160  feet. 
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87.  Bodies  projected  directly  upward  will  be  in- 
fluenced by  gravitation  in  their  ascent,  as  How  are 
well  as  in  their  descent,  but  in  a.  reversed  jertedup^ 
order ;  producing  continually  retarded  mo-  ^^^'Ji*^**"' 
tion  while  they  are  rising,  and  continually  •  gravitation  ? 
increasing  motion  during  their  fall. 

Thus  a  body  projected  up  perpendicularly  into  the  air,  if  not  influ- 
enced by  the  resistance  of  the  air,  would  rise  to  a  height  eiiactly  equa!^ 
to  that  from  which  it  must  have  fallen  to  acquire  a  final  velocity  equal 
to  that  which  it  had  at -the  first  instant  of  its  ascent. 


88.  To  determine  the  height  to  which  how 


can  we 


a  body  projected  upward  will  rise  with  a  fhe*h?htto 

given  velocity,  ascertain  the  height  from  wwchabody 

which  a  body  would  fall  to  acquire   the  upward  with 

same  velocity.     The  answer  in  one  case  forit^wm" 

will  be  the  answer  in  the  other.  ascend  ? 

89.  The   time,   also,   which   the    ascending    body 
would  require  to  attain  its  greatest  height  ^^^  ^^  ^^^ 
would  be  just  equal  to  the  time  it  would  times  of 

-  ascent  and 

require  to  fall   to   the   ground   from   that  descent 
height.  ^""P"*' 

90.  If  a  body,  instead  of  falling  perpendicularly, 
be  made  to  roll  down  an  inclined  plane,  whatwiUbe 
free   from   friction,   the  velocity  acquired  S abo^**^ 
at  the  termination  of  its  descent  will  be  fa»»ngdown 

an  inclined 

equal  to  that   it  would  acquire  in  falling  pune? 
through  the  perpendicular  height  of  the  inclined  plane. 

Thus  the  velocity  acquired  by  a  body  in  rolling  down  the  whole 
length  of  A  6,  Fig.  25,  is  equal  to  that  it  would 
acquire  by  falling  down  the  perpendicular  height 
AC. 

91.  The  great  Italian  philosopher  Galileo,  during    ^ 
the  early  part  of  the  seventeenth  century,  had  his  ^'°*  '^* 
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How  and  by 
whom  was 
the  pendu- 
lum dis- 
covered ? 


attention  directed,  while  in  a  church  at  Florence,  to  the  swinging  of  the 
chandeliers  suspended  from  the  lofty  ceiling.  He  no- 
ticed, that,  when  they  were  moved  from  their  natural  po- 
sition by  any  disturbing  cause,  they  swung  backward  and 
forward  in  a  curve  for  a  long  time,  and  with  great  uni- 
formity, rising  and  falling  alternately  in  opposite  direc- 
tions. His  inquiry  into  the  cause  of  these  motions  led  to  the  invention 
of  the  pendulum,  the  theory  of  which  may  be  explained  as  follows :  — 
92.  All  bodies  will  have  their  motion  as  much  accelerated  whilst 
Explain  the  descending  a  curve  as  retarded  whilst  ascending.  Let 
theory  of  the  D  C  be  a  curve,  Fig.  26.  If  a  ball,  suspended  by  a 
pendulum.  string  or  wire,  be  placed  at  C,  the  attraction  of  gravita- 
tion will  cause  it  to  descend  to  6,  and  in  so  doing  it  will  acquire 
velocity  sufficient  to  carry  it  to  D,  all  opposing  obstacles  being 
removed,  such  as  friction  and  resistance  of  the  air.  Gravitation  will 
once  more  bring  it  down  to  B :  it  will  then  rise  again  to  C,  and  so 
continue  to  oscillate  backward  and  forward  until  friction  and  resist- 
ance of  the  air  gradually  bring  it  to  rest. 

A  body  thus  suspended  is  called  a 
Pendulum.     In  Fig.  26,  D  C,  the  part 
,  i  .  of  the  circle  through  which  the  pen- 

dulum moves,  is  called  its  arc^  and 
the  whole  movement  of  the  ball  from 
D  to  C  is  called  a  vibration  or  oscil- 
lation. 

93.  The  times  of  the  vi- 

How  do  the  brations  of  a  pen- 
times  of  the 

vibrations  of 
a  pendulum 
compare 
with  each 
other  ? 


dulum  are  very 
nearly  equal, 
whether  it  moves 
much  or  little;  or, 


in  other  words,  through  a  greater  or  less  part  of  its 


arc. 


The  reason  that  a  large  vibration  is  performed  in  the  same  time  as 
Explain  the  *  small  one,  or,  in  other  words,  the  r^^on  the  pendulum 
reason  of  this  always  moves  faster  in  proportion  as  its  journey  is 
**^*  longer,  is,  that,  in  proportion  as  the  arc  described  is 

more  extended,  the  steeper  are  the  declivities  through  which  it  falls, 
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and  the  more  its  motion  is  accelerated.    Thus,  if  a  pendulum,  Fig.  26, 

begins  its  motion  at  D,  the  accelerating  force  is  twice  as  great  as 

when  it  is  set  free  at  d ;  and  if  we  take  two  pendulums  of  equ4:d 

lengths,  and  liberate  one  at  D  and  another  at  b  at  the  same  time,  they 

will  arrive  at  the  same  moment  at  £. 

94.  This  remarkable  property  of  the  pendulum  enables  us  to  employ 

it  as  a   register  or  keeper  of  time.      A  pendulum  of    How  does 

invariable  length,  and  in  the  same  location,  will  always   this  property 

make   the   same   number  of    oscillations  in   the  same    ?  the  pendu- 
lum enable 
time.     Thus,  if  we  arrange  it  so  that  it  will  oscillate    us  to  register 

once  in  a  second,  sixty  of  these  oscillations  will  mark    time? 

the  lapse  of  a  minute,  and  3,600  an  hour. 

A  common  clock  is,  therefore,  merely  an  arrangement  for  register- 
ing the  number  of  oscillations  which  a  pendulum  makes,    yfy^^i  {^  ^ 
and  at  the  same  time  of  communicating  to  the  pendu-   common 
lum,  by  means  of  a  weight,  an  amount  of  motion  suffi-   ^^^^^ ' 
cient  to  make  up  for  what  it  is  continually  losing  by  friction  on  its 
points  of  support,  and  by  the  resistance  of  the  air. 

The  wheels  of  the  clock  turn  round  by  the  action  of  the  weight ; 
but  they  are  so  connected  with  the  pendulum,  that  with  every  double 
oscillation  a  tooth  of  the  last  wheel  is  allowed  to  pass.  If,  now,  this 
wheel  has  thirty  teeth,  as  is  common  in  clocks,  it  will  turn  round  once 
for  every  sixty  vibrations;  and,  if  the  axis  of  this  wheel  project 
through  the  dial-plate  or  face  of  a  clock  with  a  hand  fastened  on  it, 
this  hand  will  be  the  second-hand  of  the  clock.  The  other  wheels  are 
so  connected  with  the  first,  and  the  number  of  teeth  so  profK>rtioned, 
that  the  second  one  turns  sixty  times  slower  than  the  first,  and  this 
will  be  the  minute-hand :  a  third  wheel,  moving  twelve  times  slower 
than  the  last,  will  constitute  the  hour-hand. 

A  watch  differs  from  a  clock  in  having  a  vibrating  wheel  instead  of 
J  vibrating  pendulum.     This  wheel,  called  the  balance-    How  does  a 
wheely  is  moved  by  a  springs  which  is  always  forcing  it    watch  differ 
to  a  middle  position  of  rest,  but  does  not  fix  it  there,    f'om» clock? 
because  the  velocity  acquired 
during  its  approach  from  ei- 
ther side  to  the  middle  posi- 
tion carries  it  just  as  far  past 
on   the  other  side,  and  the 
spring  has  to  begin  its  work  - 

again.     The  balance-wheel  at 
each  vibration  allows  one  tooth   of  the  adjoining  wheel  to  pass,  as 
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the  pendulum  does  in  a  clock ;  and  the  record  of  the  beats  is  preserved 
by  the  wheels  which  follow,  as  already  explained  for  the  clock. 

Fig.  27  represents  the  arrangement  used  to  keep  up  the  motion  in 
a  watch.  The  barrel,  or  wheel  A,  incloses  a  spring,  which,  when  com- 
pressed by  winding  up,  tends  to  liberate  itself,  or  miwind,  in  virtue  of 
its  elasticity.  This  effort  to  unwind  turns  the  barrel  upon  its  axis ; 
and  thus,  by  means  of  a  chain  coiled  round  it,  motion  is  communicated 
to  the  other  wheels  of  the  watch. 

whatinflu-  95*  ^^^  length  of  a  pendulum  influences 
ence  has  the  the  time  of  its  vibration  :  the  longer  the 
penduium*on  pendulum,  the  slower  are  its  vibrations. 

its  time  of 

vibration  ?  The  reason  why  long  pendulums  vibrate  more  slowly 

than  short  ones  is,  that  in  corresponding  arcs,  or  paths, 
the  ball  of  the  long  pendulum  has  a  greater  journey  to  perform,  with- 
out having  a  Steepler  line  of  descent. 

How  do  the  96.  The  lengths  of  different  pendulums, 
**n?uium8  vibrating  in  unequal  times,  are  to  each 
vibrating  in     other  as  the  squares  of  the  times  of  their 

different  ., 

times  com-     vibration. 

pare? 

Thus  a  pendulum,  to  vibrate  once  in  two  seconds, 

must  have  four  times  the  length   of  one  that   vibrates  once   in  one 

second ;  to  vibrate  once  in  three  seconds,  it  must  have  nine  times  the 

length,  &c.    The  duration  of    the  oscillation   being    as  the  whole 

numbers, 

I,  2,  3,  4,  5,  6,  7,  8,  9, 

the  length  of  the  pendulum  will  be  as  their  squares, 

I,  4,  9,  16,  25,  36,  49,  64,  81. 

A  pendulum,  therefore,  that  will  vibrate  once  in  nine  seconds,  must 
have  a  length  of  eighty-one  times  greater  than  one  vibrating  once 
in  one  second. 

97.  As  the  time  of  vibration  of  a  pendulum  is  determined  by  the 
What  does  force  of  the  attraction  of  gravitation,  this  instrument 
the  pendu-  has  been  employed  to  determine  the  strength  of  attrac- 
lum  show  ?       jJq,^  jj^  various  portions  of  the  earth's  surface. 

The  same  pendulum  will  vibrate  more  slowly  at  the  equator  than 
at  the  poles,  because  the  attraction  of  gravitation  is  less  powerful  at 
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the  equator.  This  demonstration  that  the  poles  are  nearer  the  center 
of  the  earth  than  the  equator  proves  that  the  earth  is  not  a  perfect 
sphere. 

98.  The  length  of  a  pendulum  that  will  describe 
sixty  oscillations  in  a  minute,  each  oscilla-  what  is  the 
tion  having  the  duration  of  a  second,  is,  in  icclnd^  pen- 
the  latitude  of  Greenwich,  Eng.,  39.1393  <*">»>"»? 
inches  in  length,  and  in  New  York  39.10  inches  in 
length. 

At  the  pole  it  would  require  to  be  somewhat  longer ;  at  the  equator, 
somewhat  shorter.  A  pendulum  that  vibrated  seconds  at  Paris  was 
found  to  require  lengthening  .09  of  an  inch  in  order  to  perform  its 
vibrations  in  the  same  time  at  Spitzbergen. 

99.  The  length  of  a  pendulum  vibrating  how  may  the 
seconds   being  always   invariable   at    the  length  of  a 

seconds  pen- 

same  place,  since  the  attraction  under  the  duium  be 
same  circumstances  is  always  the  same,  it  st*anda*rd  of 
may  be  used  as  a  standard  of  measure.         measure? 

This  application  has  already  been  mentioned  under  the  section 
Weight  (§  64). 

The  duration  of  the  oscillation  of  a  pendulum  is  not  affected  by 
altering  the  weight  of  the  ball ;  since  all  bodies  moving  over  the  same 
space,  under  the  influence  of  gravitation,  acquire  equal  velocities. 

100.  As   heat   expands,   and   cold   con-  ^hydo 
tracts,  all  metals,  a  pendulum-rod  is  longer  ^^^^*  «°  . 

'  .  faster  in  win- 

in   warm   than   in   cold    weather:    hence  tcrthanin 

.1  ...  .  ..  11  ..1        summer  ? 

clocks  gam  time  in  winter,  and  lose  m  the 
summer. 

As  the  smallest  change  in  the  length  of  a  pendulum  alters  the  rate 
of  a  clock,  it  is  highly  important,  for  the  maintaining  of    How  are  the 
uniform  time,   that  the  expansion  and  contraction  of   changes  in 
pendulums,  caused  by  changes  in  temperature,  should    pgn^iu^J^g** 
be   counteracted.      For   this    purpose   various   contriv-    counter- 
ances  have  been  employed.     The   one  most  commonly    acted? 
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employed  at  ihe  present  lime  is  (he  mercurial  pendulum,  which  is  con- 
structed as  fallows ;  The  peiidiilum-rod,  A  K,  Fig, 
iS,  supports  a  glass  jar.  G.  H,  coutalning  mercury, 
inclosed  in  a  sieel  framework,  F  C  U  E.  When  the 
weather  is  warm,  Ihe  steel  rod  and  framework  expand, 
and  thus  increase  the  length  of  the  |)eudulum.  and 
depress  the  center  of  oscillation.      But,  at  the  same 

time,  the  mercury  contained  in  the  jar 

also  expands,  and  rises  upward;  and 
thus,  bv  a  proper  adjustment,  the  center 
of  oscillation  is  carried  as  fat  upward 
in  one  direction  as  downward  in  the 
opposite  direction,  or  the  expansion  in 
Imth  directions  is  equal,  arul  the  vibra- 
tions of  the  pendulum  remain  unaltered 
Another  form  of  pendulum,  called  the 
"gridiron  [lendulum,"  Fig.  29,  ii  com- 
posed of  rods  of  different  metals, 
which  expand  unequally  under  the  same  .. 
Fic.  j8,         changes  of  temperature,  and,  by  countcr- 

auiLon,  keep  the  length  of  the  pendulum  constant. 

Practical  Prcblemc  on  the  Theory  of  Falling  Boiliet. 

t.  Haw 
3.  H<» 

sOMOd  Ol  limi,  how  far  will  it  fall  in  eight  seconds  ! 

(The  muliipk  b  this  cue  will  be  the  disianu  falkn  ihiough  in  ihE  Sm  secaad.} 
5.  What  spaa  will  a  body  pau  IhrouBh  in  Ihe  fourlh  second  of  its  time  of  lalijne  T 
A.  A  body  falls  10  (he  gTOund  in  eifht  seconds;  how  latge  ■  apace  did  ii  psiu  over 

during  the  last  second  of  itA  desnni  T 

7.  A  body  falls  from  a  hdghl  in  eight  seconds:  with  what  velocity  did  il  auike  the 


irned  to  the  eanh  in 


I  body,  acted  upon  by  gravity  alone,  faU  m  1 

n  seconds 

a  wen,  bio  which  a  stone,  being  dmpped,  i. 

caches  the 

onds.  Ihe  depth  of  the  water  in  the  well  being 

ten  feet? 

ed  to  ri^ 

wkKily  during  the  first  second,  ot  wilh  wh 

al  force  w 

9.  Suppose  a  bullet  find  upward  ftom 

gunretu 

wds:  how  high  did  il  ascend  t 

(The  lime  occupied  in  ascending  and  d 

escending 

aheighl.that  it  requited  eight  seaiDdt  1 

descend 

n  the  firs 
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xo.  A  bird  was  shot  while  flying  in  the  air,  and  fell  to  the  ground  in  three  seconds. 
How  high  up  was  the  bird  when  it  was  shot  ? 

XI.  If  the  length  of  a  pendulum  to  vibrate  seconds  at  Washington  is  39.X0X  inches, 
how  long  must  it  be  to  vibrate  once  in  seven  seconds  ?  How  long  to  vibrate  half-sec- 
onds  ?  quarter-seconds  ? 


CHAPTER   V. 

MOTION. 

What  is  mo-       loi.  Motion  is  the  act  of  changing  place. 

**®°  ■  If    no    motion  existed,   the   universe   would  be   dead. 

There  would  be  no  alternation  of  the  seasons,  and  of  day  and  night ; 
no  flow  of  water,  or  change  of  air ;  no  sound,  light,  heat,  or  animal 
existence. 

Rest,  which  is  the  opposite  of  motion,  so  far  as  we  know,  exists 
What  is  only  relatively.     We  say  a  body  on  the  surface  of  the 

re**^  earth  is  at  rest  when  it  maintains  a  constant  position  as 

regards  some  other  body ;  but,  at  the  same  time  that  it  is  thus  at  rest, 
it  partakes  of  the  motion  of  the  earth,  which  is  always  revolving.  We 
do  not,  therefore,  really  know  any  body  to  be  in  a  state  of  absolute 
rest. 

102.  A  moving  body  may  have  a  Unifonn  or  a  Vari- 
Define  uni-  able  Motto7i.  Uniform  Motion  is  the  motion 
riabfe*mt-^*  of  a  body  moving  over  equal  spaces  in 
tion.  equal  times.  Variable  Motion  is  the  motion 
of  a  body  moving  over  unequal  spaces  in  equal  times. 

103.  When  the  spaces  passed  over  in  equal  times 
What  is  ac  iucrcasc,  the  body  is  said  to  possess  Accel- 
mardl'/mo'!  eratod  Motion;  when  they  diminish,  the 
tion  ?  body  is  said  to  possess  Retarded  Motion. 

A  stone  falling  through  the  air  is  an  example  of  accelerated  motion, 
since,  acted  upon  by  the  force  of  gravity,  its  rate  of  motion  constantly 
increases ;  while  the  ascent  of  a  stone  projected  from  the  hand  is  an 
example  of  retarded  motion,  as  its  upward  motion  continually 
decreases. 
5S 
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104.  When  a  body  commences  to  move  from  a 
state  of  rest,  we  assisrn  some  force  as  the 

r    .  .  f  What  is 

cause  of  its  motion  ;  and  a  force  acting  in  power  and 

1  ^1  ^.  .       resistance? 

such  a  manner  as  to  produce  motion  is 
generally  termed  Power.  On  the  contrary,  a  force 
acting  in  such  a  way  as  to  retard  a  moving  body, 
destroy  its  motion,  or  drive  it  in  a  contrary  direction, 
is  termed  Resistance.  The  chief  forces  which  tend 
to  retard  or  destroy  the  motion  of  a  body  are  GrawHa- 
Hon,  FricHon,  and  Resistance  of  t/ie  Air. 

105.  The  speed,  or  rate,  at  which  a  body  what  is  vc- 
moves,  is  termed  its  Velocity.  *®c**y ' 

The  velocity  of  a  moving  body  is  estimated  by  the  time  it  occupies 
in  moving  over  a  given  space,  or  by  the  space  passed  over  in  a  given 
time.  The  less  the  time,  and  the  greater  the  space  moved  over  in 
that  time,  the  greater  the  velocity. 

106.  To  ascertain  the  Velocity  ol  a  mov-  how  do  we 
ing  body,  divide  the  space  passed  over  by  ^certain  the 

^  -^'  .,  y  .,  ^     velocity  of  a 

the  time  consumed  m  moving  over  it.  moving 

body? 
Thus,  if  a  body  moves  ten  miles  in  two  hours,  its 

velocity  is  found  by  dividing  the  space,  10,  by  the  time,  2  ;  the  answer, 

5,  gives  the  velocity  per  hour. 

107.  To  ascertain  the  Space  passed  over  how  can  we 
by  a  moving  body,  multiply  the  velocity  by  ascertain  the 

,  space  passed 

the  time.  over  by  a 

body  in  mo- 
Thus,  if  the  velocity  be  ten  miles  per  hour,  and  the   ^iqq  ? 

time  fifteen  hours,  the  space  will  be  10  multiplied  by  15, 

or  1 50  miles. 

108.  To  ascertain  the  Time  employed  by  „     ,    ^ 

'^     ^  •'     How  is  the 

a  body  in  motion,  divide  the  space  passed  timeoccu- 
over  by  the  velocity.  body  in  mo- 

f  ion  flftcfii** 

Thus,  if  the  space  passed  over  be  one  hundred  and   Gained  ? 
fifty  miles,  and  the  velocity  ten  miles  per  hour,  the 
whole  time  employed  will  be  1 50  divided  by  10  =  1 5  hours. 
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109.  The  Momentum  of  a  body  is  its  quantity  of  mo- 
whatismo-  tion.  Momentum  cxprcsses  the  foFCC  with 
mentum?  which  One  body  in  motion  would  strike 
against  another. 

We  take  advantage  of  momentum,  or  the  force  of  a  moving  body, 
Illustrations  ^"  almost  all  mechanical  operations.  The  moving  mass 
of  momen>  of  a  hammer-head  drives  or  forces  in  the  nail,  shapes 
*"™-  the  iron,  breaks  the  stone ;  the  force  of  a  moving  mass 

of  water  gives  strength  to  a  torrent,  and  turns  the  wheel ;  the  force  of 
a  moving  mass  of  air  gives  strength  to  the  wind,  carries  the  ship  over 
the  ocean,  forces  round  the  arms  of  a  windmill. 

1 10.  When  a  body  is  caused  to  move,  the  motion 
Is  motion  ^^  ^^^  imparted  simultaneously  to  every 
imparted  to     particle  of  the  bodv,  but  at  first  only  to 

all  the  parti-     ^  -  -^ 

cies  of  a  the  particles  which  are  directly  exposed  to 
same  in-  ^  the  influence  of  the  force ;  for  instance, 
stant?  q£  ^  blow.    From  these  particles  it  spreads 

to  the  rest 

A  slight  blow  is  sufficient  to  smash  a  whole  pane  of  glass,  while  a 
How  can  you  bullet  from  a  gun  will  only  make  a  small  round  hole  in 
illustrate  this  it;  because,  in  the  latter  case,  the  particles  of  glass  that 
^^^^  receive  the  blow  are  torn  away  from  the  remainder  with 

such  rapidity,  that  the  motion  imparted  to  them  has  no  time  to  spread 
farther.  A  door  standing  open,  which  would  readily  yield  on  its 
hinges  to  a  gentle  push,  may  not  l)e  moved  by  a  cannon-ball  passing 
through  it.  The  ball,  in  passing  through,  overcomes  the  whole  force 
of  cohesion  among  the  atoms  of  wood ;  but  its  force  acts  for  so  short  a 
time,  owing  to  its  rapid  passage,  that  it  is  not  sufficient  to  affect  the 
inertia  of  the  door  to  an  extent  to  produce  motion.  The  cohesion  of 
the  part  of  the  wood  cut  out  by  the  ball  would  have  borne  a  very  great 
weight  laid  quietly  upon  it ;  but  supposing  the  ball  to  fly  at  the  rate  of 
twelve  hundred  feet  in  a  second,  and  the  door  to  be  one  inch  thick, 
the  cohesion  being  allowed  to  act  for  only  the  minute  fraction  of  a  sec- 
ond, its  influence  is  not  perceived. 

It  is  an  effect  of  this  same  principle,  that  the  iron  head  of  a  ham- 
mer may  be  driven  down  on  its  wooden  handle  by  striking  the  oppo- 
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site  end  of  the  handle  against  any  hard  substance  with  force  and 
speed.  In  this  very  simple  operation,  the  motion  is  propagated  so 
suddenly  through  the  wood  of  the  handle,  that  it  is  over  before  it  can 
reach  the  iron  head,  which  therefore,  by  its  own  inertia,  sinks  lower  on 
the  handle  at  every  blow,  which  drives  the  handle  up. 

111.  The  Komenfum,  or  force,  which  a  how  is  the 
moving  body  exerts,  is  estimated  by  multi-  S^abody" 
plying  its  mass  or  quantity  of  matter  by  calculated? 
its  velocity. 

Thus  a  body  weighing  ten  pounds,  and  moving  with  a  velocity  of  five 
hundred  feet  in  a  second,  will  have  a  momentum  of  (lo  X  500)  5,000. 

112.  The  velocity  being  the  same,  the 

\  -^  -  ,  What  con- 

momentum    or  moving  force   of   a   body  nectionis 

will  be  directly  proportionate  to  the  mass  tJccn  «je 

or  weight ;  and,  the  mass  or  weight  remain-  "la"?.*^*"'" d 

ing    the   same,    the    momentum   will    be  its  weight 

,.  ,  ^11.  and  velocity? 

directly  proportionate  to  the  velocity. 

Thus,  if  two  leaden  balls,  each  of  five  pounds*  weight,  move  with  a 
velocity  of  five  miles  per  minute,  the  momentum  or  striking  force  of 
each  will  be  25.  If  now  the  two  balls,  moulded  into  one  of  ten  pounds* 
weight,  move  with  the  same  velocity  of  five  miles  per  minute,  the 
momentum,  or  striking  force,  will  be  50,  since  with  the  same  velocity 
the  mass  or  weight  will  be  doubled.  If,  on  the  contrary,  we  double 
the- velocity,  allowing  the  weight  to  remain  the  same,  the  same  effect 
will  be  produced :  a  ball  of  five  pounds,  with  a  velocity  of  five,  will 
have  a  momentum,  or  striking  force,  of  25 ;  but  a  ball  of  five,  with  a 
velocity  of  ten,  will  have  a  momentum  of  50. 

113.  A  small  or  light  body  may  be  How  can  a 
made  to  strike  with  a  srreater  force  than  a  ?*"*"  ^****y 

°  m  motion  be 

heavier  body  by  giving  to  the  small  body  madeto exert 

m    '       ,        1       •  the  same 

a  sufficient  velocity.  force  as  a 

Illustrations  of   these   principles  are  most  familiar. 
Hailstones  of   small   mass  and  great  velocity  strike  with  sufficient 
force  to  break  glass,  and  destroy  standing  grain.     A  ship  of  huge  mass, 
moving  with  a  scarcely  perceptible  velocity,  crushes  in  the  side  of  the 
pier  with  which  it  comes  in  contact. 
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SECTION    I. 

ACTION  AND  RB-ACTION. 

1 14.  When  a  body  communicates  motion  to  an- 
whatis  other  body,  it  loses  as  much  of  its  own 
uon  and^re-^  momentum  or  force  as  it  gives  to  the 
action?  Other  body.  We  apply  the  term  Action 
to  designate  the  power  which  a  body  in  motion  has 
to  impart  motion  or  force  to  another  body,  and  the 
term  Re-action  to  express  the  power  which  the  body 
acted  upon  has  of  depriving  the  acting  body  of  its 
force  or  motion. 

115.  There  is  no  motion  or  action  in  the  universe 
What  is  the  without  a  Corresponding  and  opposite  ac- 
Stion  an/^  tion  of  cqual  amount ;  or,  in  other  words, 
re-action  ?  Action  and  Re-action  are  always  equal  and 
opposed  to  each  other. 

If  a  person  presses  the  table  with  his  finger,  he  feels  a  resistance 
What  are  il-  ^"sing  from  the  re-action  of  the  table,  and  this  counter- 
lustrations  pressure  is  equal  and  contrary  to  the  downward  press- 
of  action  and  ^^e.  When  a  cannon  or  gun  is  fired,  the  explosion  of 
the  powder,  which  gives  a  forward  motion  to  the  ball, 
gives  at  the  same  time  a  backward  motion,  or  "  recoil,"  to  the  gun.  A 
man  in  rowing  a  boat  drives  the  water  astern  with  the  same  force  that 
he  impels  the  boat  forward. 

To  what  is  ^^^-  The  quantity  of  motion  in  a  body 

the  quantity    is  measured  by  the  velocity  and  the  quan- 

of  motion  in       .  •'  .         "^ 

a  body  pro-     tity  of  matter  It  contains. 

portionate?  .  .    „    ,        ,  ,  , 

A  cannon-ball  of  a  thousand  ounces,  movmg  one  foot 

per  second,  has  the  same  quantity  of  motion  in  it  as  a  musket-ball  of 
one  ounce,  leaving  the  gun  with  a  velocity  of  a  thousand  feet  per  sec- 
ond.    The  momentum,  or  quantity  of  motion,  in  the  musket-ball  being, 
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however,  concentrated  in  a  very  small  mass,  the  effect  it  will  produce 
will  be  apparently  much  greater  than  that  of  the  cannon-ball,  whose 
motion  is  diffused  through  a  very  large  mass.  This  explanation  will 
enable  us  to  understand  some  phenomena  which  at  first  appear  to  con- 
tradict the  law  that  action  and  re-action  are  always  equal  and  opposed 
to  each  other. 

Thus,  when  we  fire  a  bullet  from  a  gun,  the  gun  recoils  back  with 
as  much  force  as  the  bullet  possesses,  proceeding  in  an  opposite  direc- 
tion. The  reason  the  effects  of  the  gun  are  not  equally  apparent  with 
those  of  the  ball  is,  that  the  motion  of  the  gun  is  diffused  through  a 
great  mass  of  matter  with  a  small  velocity,  and  is,  therefore,  easily 
checked ;  but  in  the  ball  the  motion  is  concentrated  in  a  very  small 
compass  with  a  great  velocity.  A  gun  recoils  more  with  a  -charge  of 
fine  shot  or  sand  than  with  a  bullet.  The  explanation  of  this  is,  that 
with  a  ball  the  velocity  is  communicated  to  the  whole  mass  at  once  ;  but, 
with  small  shot  or  sand,  the  velocity  communicated  by  the  explosion 
to  those  particles  of  the  substance  immediately  in  contact  with  the  powder 
is  greater  than  that  received  at  the  same  instant  by  the  outer  particles ; 
consequently  a  larger  proportion  of  explosive  force  acts  momentarily 
in  an  opposite  direction. 


Fig. 


30- 


We  have  an  illustration  of  this  same  principle  when  we  attempt  to 
drive  a  nail  into  a  board  having  no  support  behind  it,  or  not  sufficiently 
thick  to  offer  the  necessary  resistance  to  the  moving  force  of  the 
hammer,  as  is  represented  in  Fig.  30.  The  blows  of  the  hammer  will 
cause  the  board  to  unduly  yielc^  and,  if  strong  enough,  will  break  it, 
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but  will  irot  drive  in  the  nail.  The  object  is  attained  by  applying 
behind  the  board,  as  in  Fig.  31,  a  block  of  wood  or  metal,  against 
which  the  blows  of  the  hammer  will  be  directed.     By  adopting  this 


Fig.  31. 


plan,  however,  no  increased  resistance  is  opposed  to  the  blows/  of  the 
hammer,  the  momentum  or  moving  force  of  which  is  equally  imparted 
in  both  cases  :  but  in  the  first  case  the  momentum  is  received  by  the 
board  alone,  which,  having  little  weight,  is  driven  by  it  through  so 
great  a  space  as  to  produce  considerable  flexure,  or  even  fracture ;  but 
in  the  second  case  the  same  momentum,  being  shared  between  the 
board  and  the  block  behind  it,  will  produce  a  flexure  of  the  board  as 
much  less  as  the  weight  of  the  board  and  block  applied  to  it  together 
is  greater  than  the  weight  of  the  board  alone. 

The  same  principle  serves  to  explain  a  trick  sometimes  exhibited  in 
feats  of  strength,  where  a  man  in  a  horizontal  position,  his  legs  and 
shoulders  being  supported,  sustains  a  heavy  anvil  upon  his  chest, 
which  is  then  struck  by  sledge-hammers.  The  reason  the  exhibitor 
sustains  no  injury  from  the  blows  is,  that  the  momentum  of  the  sledge 
is  distributed  equally  through  the  great  mass  of  the  anvil,  and  gives  to 
the  anvil  a  downward  motion  just  as  much  less  than  the  motion  of 
the  sledge  as  the  mass  of  the  sledge  is  less  than  the  mass  of  the 
anvil.  Thus,  if  the  weight  of  the  anvil  be  one  hundred  times  greater 
than  the  weight  of  the  sledge,  its  downward  motion  upon  the  body  of 
the  exhibitor  will  be  one  hundred  times  less  than  the  motion  with 
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which  the  sledge  strikes  it,  and  the  body  of  the  exhibitor,  easily  yield- 
ing to  so  slight  a  movement,  and  also  resisting  it  by  means  of  the 
elasticity  of  the  body,  derived  from  its  peculiar  position,  escapes  with- 
out injury. 

117.  When  two  bodies  come  in  contact,   when  is  the 
the  collision  is  said  to  be  direct  when  a  two  bo^es 
right  line  passing  through  their  centers  of  J^^ct°? *^ 
gravity  passes   also  through  the  point  of 
contact. 

The  center  of  gravity  in  such  cases  corresponds  with  the  center  of 
collision ;  and  if  such  a  center  come  against  an  obstacle,  the  whole 
momentum  of  the  body  acts  there,  and  is  destroyed ;  but  if  any  other 
part  is  hit,  the  body  only  loses  a  portion  of  its  momentum,  and  revolves 
round  the  obstacle  as  a  pivot,  or  center  of  motion. 

1 1 8.  When  two  non-elastic  bodies,  mov-  when  two 

.^1.        ^.  •    ^       1*         .     inelastic  bod- 

ing  in  opposite  directions,  come  into  direct  ies  come  into 
collision,  they  will  each  lose  an  equal  whifowurs? 
amount  of  momentum. 

Hence  the  momentum  of  both  after  contact  will  be  equal  to  the 
difference  of  the  momenta  of  the  two  before  contact,  .and  the  velocity 
after  contact  will  be  equal  to  the  difference  of  the  momenta  divided 
by  the  whole  quantity  of  matter.  Let  the  quantity  of  matter  in  A  be 
2,  and  its  velocity  12;  its  momentum  is  therefore  24.  Let  the  quan- 
tity of  matter  in  B  be  4,  its  velocity  3 ;  its  momentum  will  be  12.  The 
momentum  of  the  mass  after  contact,  on  the  supposition  they  move  in 
opposite  directions,  and  come  in  direct  collision,  will  ht  the  difference 
of  the  two  momenta,  or  1 2 ;  and  the  velocity  of  the  mass  will  be  its 
momentum  divided  by  the  quantity  of  matter,  or  12  divided  by  6, 
which  is  2.* 

*  This  whole  subject,  usually  considered  dry  and  uninteresting,  will  be  found  to 
possess  a  new  interest,  if  the  student  will  make  himself  a  few  simple  experiments, 
by  suspending  leaden  balls  by  the  side  of  a  graduated  arc,  as  in  Fig.  3a,  and 
allow  them  to  fall  under  diflerent  conditions.  The  length  of  the  arc  through  which 
they  fall  will  be  found  to  be  an  exact  measure  of  the  force  with  which  they  will 
strike. 
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Explain  the 
results  of  the 
collision  of 
inelastic 
bodies. 


If  two  non-elastic  bodies,  as  A  and  B,  Fig.  32,  be  suspended  from  a 

fixed  point,  and   the   one  be 
raised    toward    Y    and    the 
other    toward    X    an    equal 
amount,  they  will  acquire  an 
equal  force,  or  momentum,  in 
falling  down  the  arc,  provided  their  masses 
are  equal;  and  will  by  contact  destroy  each 
other's  motion,  and  come  to  rest.    If  their 
momenta  are  unequal,  they  will,  after  con- 
tact, move  on  together,  in  the  direction  of  the 
body  having  the  largest  quantity  of  motion, 
with  a  momentum  equal  to  the  difference  of 
the  momenta  of  the  two  before  collision. 

1 19.  The  force  of  the  shock  produced  by  two  equal 
bodies  coming  in  contact  with  equal  velo- 
city will  be  equal  to  the  force  which  either, 
being  at  rest,  would  sustain  if  struck  by 
the  other  moving  with  double  the  velocity  ; 
for,  re-action  and  action  being  equal,  each 

of  the  two  will  sustain  as  much  shock  from  re-action 
as  from  action. 

If  a  person  running  come  in  contact  with  another  who  is  standing, 
Illustrate  ^^^  receive  a  certain  shock.  If  both  be  running  at  the 
this  princi-  same  rate  in  opposite  directions,  the  shock  is  doubled. 
P*®*  In  combats  of  pugilists,  the  most  severe  blows  are  those 

struck  by  fist  against  fist ;  for  the  force  sustained  by  each  in  such  cases 
is  equal  to  the  sum  of  the  forces  exerted  by  the  two  arms.  If  two 
ships,  moving  in  contrary  directions  at  the  rate  of  twenty  miles  per 
hour,  come  in  collision,  the  shock  will  be  the  same  as  if  one  of  them, 
being  at  rest,  were  struck  by  the  other  moving  at  forty  miles  per  hour. 

120.  If  we  suspend  two  balls  of  some  non-elastic  substance,  as  clay 
If  one  inelas-  or  putty,  by  strings,  so  that  they  can  move  freely,  and 
tic  body  allow  one  of  the  balls  to  fall  upon  the  other  at  rest,  it 
taldt  wittTan-  ^^^  communicate  to  it  a  part  of  its  motion,  and  both 
other  at  rest,  balls,  after  collision,  will  move  on  together.  The  quan- 
what occurs?  tity  of  motion  will  remain  unchanged,  the  one  having 
gained  as  much  as  the  other  has  lost ;  so  that  the  two,  if  equai,  will 


To  what  will 
the  shock  of 
collision  of 
two  bodies 
coming  in 
contact  be 
equivalent  ? 
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have  half  the  velocity  after  collision  that  the  moving  one  had  when 

alone.    Fig.  33  represents  two  balls  of  clay, 

£  and  D,  non-elastic,  of  equal  weight,  sus- 
pended by  strings.  If  the  ball  D  be  raised 
and  let  fall  against  the  ball  £,  a  part  of  its 
motion  will  be  communicated  to  £,  and  both 
together  will  move  on  to  e  d. 

121.  If  we   suspend   two  balls,  A  and  B, 
Fig.  34,   of   some   elastic  sub- 
Stance,  as  ivory,  and  allow  them   clastic  bodies 
to  fall  with  equal  masses  and   come  into 

velocities  from    the   points   X    collision, 

,  ,,  ,  ,  .,,  whatoccurs? 

and  Y  on  the  arc,  they  will  not 

come  to  rest  after  collision,  but  will  recede  from  each  other  with 

the  same  velocity  which  each  had  before  contact 

The  reason  of  this  movement  in  highly  elastic  bodies,  contrary  to 

what  takes  place  in  non-elastic 
bodies,  is  this :  the  elastic 
substances  are  compressed  by 
the  force  of  the  shock;  but, 
instantly  recovering  their  for- 
mer shape  in  virtue  of  their 
elasticity,  they  spring  back 
as  it  were,  and  re-act,  each  giving  to  the 
other  an  impulse  equal  to  the  force  which 
caused  its  compression. 

Suppose  the  ball  A,  however,  to  strike 
upon  the  ball  B  at  rest ;  then,  after  impact, 
A  will  remain  at  rest,  but  B  will  move 


^ 


T 


What  occa- 
sions the  dif- 
ference in  the 
results  of  the 
collision  of 
elastic  and 
non-elastic 
bodies? 


IP   \  * 
Fig.  34. 


on  with  the  same  velocity  as  A 
had  at  the  moment  of  contact. 
In  this  case  the  re-action  of  elas- 
ticity causes  the  ball  A  to  stop, 
and  the  ball  B  to  move  forward 
with  the  motion  which  A  had  at 
the  instant  of  contact. 

The  same  fact  may  be  illus- 
trated by  suspending  a  number  of 
elastic  balls  of  equal  weight,  as 


(i666666 

Fig.  35. 


E 


represented  in  Fig.  35.    If  the  ball  H  be  drawn  out  a  certain  dis- 
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tance,  and  let  fall  upon  G,  the  next  in  order,  it  will  communicate  its 
motion  to  G,  and  receive  a  re-action  from  it,  which  will  destroy  its 
own  motion.  But  the  ball  G  cannot  move  without  communicating  the 
motion  it  received  from  H  to  F,  and  receiving  from  F  a  re-action  which 
will  stop  its  motion.  In  like  manner  the  motion  and  re-action  are 
received  by  each  of  the  balls  £,  D,  C,  B,  A,  until  the  last  ball,  K,  is 
reached ;  but  there  being  no  ball  beyond  K  to  act  upon  it,  K  will  fly 
off  as  far  from  A  as  H  was  drawn  apart  from  G. 


SECTION   II. 

REFLECTED  MOTION. 

122.  When  any  elastic  body,  as  an  ivory  ball,  is 
What  is  re-  ^hrown  against  a  hard,  smooth  surface,  the 
fleeted  re-action   will   cause   it   to   rebound  from 

motion  ? 

such  surface ;  and  the  motion  it  receives 
is  called  Reflected  Motion, 

123.  If  the  ball  be  projected  perpendicularly,  it 
In  what  ^^'^  rebound  in  the  same  direction ;  if  it 
manner  may  be  projected  obliqucly,  it  will  rebound 
body  be  re-     obliqucly  in  an  opposite  direction,  making 

^  *  *  the  angle  of  incidence  equal  to  the  angle 

of  reflection. 
,„^    .  •  124.  The  Angle  of  Incidence  is  the  angle 

What  is  the  .  . 

angle  of  in-     formed  by  the  line  of  incidence  with  a  per- 

cidence  ?  1  •       1        <  •  r 

pendicular  to  any  given  surface. 
^.T,.  ..  .V  125.  The  Angle  of  Reflection  is  the  angle 

What  is  the  ^  a  o 

angle  of  re-     formed  by  the  line  of  reflection  with  a  per- 

flection  ?  1  •       1  r 

pendicular  to  any  given  surface. 

Thus,  in  Fig.  36,  if  the  ball  be  projected  or  thrown  upon  the  sur- 
face B,  in  the  direction  A  B,  it  will  rebound,  or  be  reflected,  in  the 
direction  B  C.  In  this  case  the  line  A  B  is  the  line  of  incidence,  and 
the  angle  A  B  D,  which  it  makes  with  a  perpendicular  D  B,  is  the 
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ingle  of  incidence. 
lion,  and 
Ihe  angle 
DBClhe 

nlike 

nanner  the  li 

e  B  C  is  the  line  of  reflec- 

reHeclion. 
If  Ihe  ball 

(he  direction  B  D,  perpendicular  to  the  surface,  it  will  be  reflected, 
or  will  rebound  back,  in  the  same  straight  line. 

126.  The  Aitg/es  of  fneii/anee  and  BoSoe-  ^hMoro- 
Hon  are  always  equal  to  one  another.  ponion  e»- 

^  111!  between 

Thus,  in  Fig.  36,  the  angles  A  B  D  anJ  C  B  D  are   the  aoglei  of 

127.  An  Angle  is  simply  the  inclination 

of  the  lines  which  meet  each  other  in  a  point.     The 
size  of  the  angle  depends  upon  the  open-  wh»ti».n 
ing,  or  inclination,  of   the  lines,  and  not  upanwhat 
upon  their  length.  '    *" 
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that  the  angle  of  incidence  is  always  equal  to  the  angle  of  reflection, 
and  that  action  and  re-action  are  equal  and  contrary.  An  illustration 
of  the  skillful  reflection  of  billiard-balls  is  given  in  Fig.  37,  which 
represents  the  top  of  a  billiard-table.  The  ball  P,  when  struck  by 
the  stick  Q,  is  first  directed  in  the  line  P  O,  upon  the  ball  P',  in  such 
a  manner  that,  being  reflected  from  it,  it  strikes  the  four  sides  of  the 
tablie  successively,  at  the  points  marked  O,  and  is  finally  reflected  so 
as  to  strike  the  third  ball  P''.  At  each  of  the  reflections  from  the 
ball  P',  and  the  four  points  on  the  side  of  the  table,  the  angle  of  inci- 
dence is  exactly  equal  to  the  angle  of  reflection. 

128.  Imperfectly  elastic  bodies   oppose 

Why  are  im-  / 

perfectly  the  momentum  of  bodies  in  motion  more 
Jl^uihirry  ***  perfectly  than  any  others,  in  consequence 
fitted  to         Qf  their  yielding:  to  the  force  of  collision 

oppose  and  •*  ^ 

destroy  without  rc-acting ;  opposing  a  gradual  re- 

momentum?      .  ^  •      ^      i     r  11 

sistance  instead  of  a  sudden  one. 

Hence  a  feather-bed,  or  a  sack  of  wool,  will  stop  a  bullet  much 
more  effectually  than  a  plate  of  iron,  from  its  deadening — as  it  is  pop- 
ularly called  —  the  force  of  the  blow. 


SECTION   III. 

COMPOUND  MOTION. 

129.  A  body  acted  upon  by  a  single  force  moves 
What  is  Sim-  ^^  ^  Straight  line,  and  in  the  direction  of 
pie  motion  ?  ^^idX  force.  Such  motion  is  designated  as 
Simple  Motion. 

A  body  floating  upon  the  water  is  driven  exactly  south  by  a  wind 
Illustrate  blowing  south.  A  ball  fired  from  a  cannon  takes  the 
simple  mo-  exact  direction  of  the  bore  of  the  cannon,  or  of  the 
**<*"•  force  which  impels  it. 

Can  the  ^3^*  ^  fo^ce  has  the  same  effect  in  pro- 

effect  of  a      ducing  motion,  whether  it  acts  on  a  body 

force  be  1       1  • 

altered  by       at  rcst  or  in  motion,  or  whether  it   acts 

other  forces?    ^j^^^^  ^^  ^j^^  ^^^^^  iorCQS, 


-=? 
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Suppose  from  the  point  A,  Fig.  3S,  about  240  feci  above  the  earth, 
a  ball  to  be  projected  in  a  perfectly  hori- 
zontal line,  A  B  ;  instead  of  traversing  this 
line,  it  would,  at  the  end  of  the  first  second, 
be  found  that  the  ball  had  fallen  15  feel,  at 
the  same  time  it  had  moved  onward  in  the 
direction  of  B.  Its  true  position  would  be. 
therefore,  at  a;  at  the  end  of  the  second 
second  it  would  have  passed  onward,  but 
have  fallen  to  d,  60  feel  betow  the  horizontal 
line;  and  at  the  end  of  the  third  second  il 
would  have  fallen  135  feet  below  the  line,  ^"-  ^• 

and  be  at  ; ;  and  thus  it  would  move  forward,  and  reach  the  earth 
at  d,  240  feet,  in  precisely  the  same  time  it  would  have  occupied  in 
falling  from  A  to  C.  The  force  of  gravity  is  neither  increased  nor 
diminished  by  the  force  of  projection. 

131,  When  a  body  is  acted  upon  by  two  forces  at 
the  same  time,  and  in  different  directions, 

■.  .  ^  -.    WhalU 

as   It   cannot  move   two  ways  at  once,  it  compound 

takes   a  middle   course  between   the  two.   ""''"'' 

Such  motion  is  termed  Compound  Motion. 

132.  The  course  in  which  a  body,  acted  wh«i*th* 
upon  by  two  or  more  forces  acting  in  dif-  ^^^^^ 
ferent  directions,  will  move,  is  called  the  "'""' "' ""' 
Rosaltani,  or  the  resulting  direction.  c»iied  ? 

In  Fig.  39,  if  a  body.  A,  be  acted  upon  at  the  same  time  by  two 
forces,  one  of  which  would  cause  it 
to  move  in  the  direction  A  V,  over 
the  space  A  B,  in  one  second  of 
lime,  and  the  other  cause  it  to  move 
in  the  direction  A  X.  over  the  space 
A  C,  in  one  second;  then  the  two 
forces,  acting  upon  it  at  the  same 
instant,  will  cause  it  to  move  in  a 
resultant  direaion,  A  D,  in  one  seC'  p 

ond.    This  direction  is  the  diagonal 
of  a  patallelogram,  which  has  for  its  sides  the  lines  A  B,  A  C,  over 
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which  the  body  would  move  if  acted  upon  by  each  of  the  forces  sep- 
arately. 

The  operations  of  e very-day  life  afford  numerous  examples  of 
....  resultant  motion.     If  we  attempt  to  row  a  boat  across  a 

familiar  ex-  rapid  river,  the  boat  will  be  subjected  to  the  action  of 
amples  of  two  forces :  viz.,  the  action  of  the  oars,  which  tend  to 
resultant  drive  it  across   the   river  in   a   straight  line;  and  the 

action  of  the  current,  which  tends  to  carry  it  down  the 
stream  a  certain  distance.  It  will,  therefore,  under  the  influence  of 
both  these  forces,  move  diagonally  across  the  river.  When  we  throw 
a  body  from  the  deck  of  a  boat  in  motion,  or  from  a  railroad-car, 
the  body  partakes  of  the  motion  of  the  boat  or  the  car,  and  does  not 
strike  at  the  point  intended,  but  is  carried  some  distance  beyond  it. 
For  the  same  reason,  in  firing  a  rifle  from  the  deck  of  a  vessel,  mov- 
ing rapidly,  at  some  object  at  rest  upon  the  bank,  allowance  must 
be  made  for  the  motion  of  the  vessel,  and  aim  directed  behind  the 
object. 

133.  If  the  resultant  direction  be  known,  the  two  forces  which 
May  the  produced  it  may  be  found  by  constructing  a  parallelo- 

forces  gram  on  a  line  which  represents  the  given  force.     It  is 

producing  obvious  that  an  infinite  number  of  parallelograms  may 
resultant  ^  constructed  on  a  given  line.     But,  if  it  is  required  to 

be  found?  resolve  the  given  force  into  two  forces  having  fixed 
directions,  then  only  one  construction  is  possible. 

134.  Circular  Motion  is  the  motion  pro- 
circuiar  duccd  by  the  revolution  of  a  body  about  a 

motion  ?  ^      ^         •     . 

central  point. 

I  whatarethe       ^35*  Circular   motion    is    a    species   of 

i  two  forces      compound  motion,  and  is   caused  by  the 

which  pro.  \  ,  ^ 

\  duce  circular   Continued   operation    of    two    forces,    the 

™°  °°  Centrifugal*  and  Centripetal  Forces."^ 

whatiscen-  ^^^'  ^^^  Centrifugal  Force  is  that  force 
trifugai  which  impcls  a  body  moving  in  a  curve 

to  move  outward,  or  fly  off  from  a  center. 

*  Centrifugal,  compounded  of  center,  ?inA/ugio,  to  fly  off. 
t  Centripetal,  compounded  of  center,  axkd/eto,  to  seek. 


What  is 
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137.  The   Caniripoial   Force   is    that    force   which 
draws  a  body  moving  in  a  curve   toward 
the  center,  and   assists  it   to  move   in    a  trii>«t»i 
bent,  or   curvilinear   course.     In   circular 
motion    the    centrifugal    and   centripetal    forces   are 
equal,  and  constantly  balance  each  other. 

n  the  centrifugal  force  of  a  body  revolving  in  a  circular  path  be 
destroyed,   the    body  will    immediately    approach    the    ^),,,  fg], 
center;  but  if  the  centripetal  force  be   destroyed,  the    low*  if  the 
body  will  fly  off  in  1  straight  (ine,  called  a  tangent.  centrifugal 

Thus,  in  whirling  a  ball  attached  by  a  siring  to  the  (orcei  mi 
finger,  the  propelling  force,  or  the  force  of  projection,  is  deittoyed  ? 
given  by  the  hand,  and  the  centripetal  force  is 
exhibited  in  the  atielching  or  tension  of  the 
String.  If  the  string  breaks  in  whirling,  the  cen- 
tripetal force  no  longer  acts;  and  the  ball,  by 
the  action  of  the  centrifugal  force  generated  by 
the  whirling  motion,  flies  off  in  a  tangent,  or 
straight  line,  as  represented  in  Fig.  40.  If,  on 
the  contrary,  the  whirling  motion  is  too  slow, 
the  centripetal  force  preponderates,  and  the  ball  f  "■■  *"■ 

falls  in  toward  the  finger. 

Familiar  examples  of  the  effects  of  centrifugal  force  are  common  in 
the  experience  of  every-day  life. 

The  motion  of  mud  flying  from  the  rim  of  a  coach.wheel,  moving 
rapidly,  is  an  iliuslralion  of  centrifugal  force. 

The  mud  sticks  to  the  wheel,  in  the  first  instance,    miliar  i]lu«-' 
through  the  force   of  adhesion;   but    this   force,  being    irationaof 
very  weak,  is  overcome  by  the  centrifugal  force,  and  the    centiilujal 
particles  of  mud  fly  off.    The  particles  which  compose 
the  wheel  itself  would  also  fly  off  in  the  same  manner,  were  not  the 
force  of  cohesion  which  holds  them  t<^ether  stronger  than  the  cen. 
trifogal  force. 

A  cup  filled  with  water  is  suspended  by  three  cords.  If  the  cords 
be  twisted  by  turning  round  the  cup,  on  withdrawing  the  hand  the  cup 
will  begin  to  rotate  rapidly,  and  the  water  will  fly  oft  from  the  edge  of 
the  vessel,  as  shown  in  Fig.  41. 
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Under  w 


g»lft 


cohesion  P 


The  centrifugal  force,  however,  increases  with  the  velocity  of  revo- 
lution, so  that  i(  the  velocity  of  the  wheel  were  continu- 
ally increased,  a  point  would  at  last  be  reached  when  (he 
centrifugal  force  would  be  more  powerful  than  (he  force 
of  cohesion,  and  the  wheel  would  then  fly  in  pieces.  In 
this  way  almost  any  body  can  be  broken  by  a  suthcient 
rotative  velocity.  Large  wheels  and  grindstones,  re- 
volving rapidly,  not  infrequently  break  from  this  cause, 
ind  the  pieces  fly  off  with  immense  force  and  velocity. 

The  fact  that 
water  can  be  ex- 
pelled or  made  to 
fly  aS  from  a  mop, 
by  the  action  of  the 
centrifugal  force 
produced  by  whirl- 
ing it,  has  been 
most  ingeniously 
applied  in  an  ar- 
rangement of  mech- 
anism called  ih« 

hydro-txtractor,    or 

„.tri/.g.:  ™- 

chine,  for  the  dry- 
ing of  cloth,  and 
the  separation  of 
molasses  from   su- 


gar 


.   the    I 


p  facture    and    refin- 

ing of  sugar.  The 
machine  consists  oE  a  hollow  wheel  or  cylinder.  Fig.  42,  turning  upon 
an  axle,  and  having  its  sides  pierced  with  fine  holes.  The  wet  doth 
or  moist  undrained  sugar  is  placed  in  the  interior  of  this  wheel.  It  is 
then  caused  to  revolve  with  great  rapidity,  when  the  water  in  the  one 
case  and  the  molasses  in  the  other,  contained  in  the  fiber  or  the  Sugar, 
flies  out  and  escapes  through  the  holes  in  the  sides.  Cloth  in  this 
way  may  be  rapidly  dried ;  and  the  separation  of  sugar  from  molasses, 
which  formerly  required   days  to  eEfect  by  draining,  is  accomplished 

When  a  bucket  of  water,  attached  to  a  string,  is  whirled  rapidly 
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Toond,  ihe  water  does  not  £all  out  when  the  mouth  is  presented  down- 
ward, since  the  centrifugi!  force 
imparled  to  the  water  by  rota- 
tion tends  to  cause  it  to  fly  ofF 
from  the  center,  and  this  over- 


comes, or  balances,  the  attraction  of  graviiatton, 
which  tends  lo  cause  the  water  to  fall  out,  or 
toward  the  center  (Fig.  43). 

V/hen  a  carriage  is  moved  rapidly  round  a 
corner,  it  is  very  liable  to  be  overturned  by  the 
centrifugal  force  called  into  action.  The  inertia 
carries  the  body  of  the  vehicle  forward  in  the 
same  line  of  direction,  while  the  wheels  are  sud' 
denly  pulled  around  by  the  horses  into  a  new 
one.  Thus  a  ioaded  stage  running  south,  and 
suddenly  turned  to  the  east,  throws  out  the  lug- 
gage and  passengers  on  the  south  side  of  (he 
road.  When  railways  form  a  rapid  curve,  the 
outer  rail  is  laid  higher  than  the  inner,  in  order 
Co  counteract  the  centrifugal  force. 

An  animal  or  man,  turning  a  corner  rapidly. 
leans  in  toward  the  corner  or  center  of  the 
curve  in  which  he  is  moving,  in  order  to  resist 
the  action  of  the  centrifugal  force,  which  tends  ^''^-  *3- 

to  throw  him  away  from  the  center. 

In  aU  equestrian  feats  exhibited  in  Che  circus,  it  will  be  observed 
that  not  only  Ihe  horse,  but  the  rider,  inclines  his  body  toward  the 


^6  NATURAL    PHILOSOPHY. 

center,  and  according  as  the  speed  of  the  horse  round  the  ring  is  in- 
creased this  inclination  becomes  more  considerable.  When  the  horse 
walks  slowly  round  a  large  ring,  this  inclination  of  his  body  is  imper- 
ceptible; if  he  trot,  there  is  a  visible  inclination  inward,  and  if  he 
gallop,  he  inclines  still  more ;  and  when  urged  to  full  speed  he  leans 
very  far  over  on  his  side,  and  his  feet  will  be  heard  to  strike  against 
the  partition  which  defines  the  ring.  The  explanation  of  all  this  is, 
that  the  centrifugal  force  caused  by  the  rapid  motion  around  the  ring 
tends  to  throw  the  horse  out  of,  and  away  from,  the  circular  course, 
and  this  he  counteracts  by  leaning  inward. 

The  most  magnificent  exhibition  of  centrifugal  and  centripetal  forces 
How  do  the  balancing  each  other  is  to  be  found  in  the  arrangements 
motions  of  of  the  solar  system.  The  earth  and  other  planets  are 
the  solar  sys-  moving  around  a  center  —  the  sun  —  with  immense  ve- 
the*action^£*  '^^^^^^s,  and  are  constantly  tending  to  rush  off  into  space 
centrifugal  by  the  action  of  the  centrifugal  force.  They  are,  how- 
and  centripe-  ever,  restrained  within  exactly  determined  limits  by  the 
attraction  of  the  sun,  which  acts  as  a  centripetal  power 
drawing  them  toward  the  center. 

What  is  the  ^38.  The  Axis  of  a  body  is  the  straight 
axis  of  a         line,   real  or  imaginary,  passing  through 

body  r 

it,  on  which  it  revolves,  or  may  be  sup- 
posed to  revolve. 

139.  When  a   body  is  caused  to  rotate    upon   an 

When  a  body  ^^^^'  ^  ^^^  parts  revolve  in  equal  times, 
revolves  fhe  Velocity  of  each  particle  of  a  re- 
axis,  what      volving   body  increases  with   its    perpen- 

peculiarities       j*       i  j*    ^  /  ^v  •  i 

do  its  several  dicular  distancc  from  the  axis ;  and, 
parts  exhibit?  ^g  j|.g  yclocity  increases,  its  centrifugal 
force  increases. 

A  moment's  reflection  will  show  that  a  point  on  the  outer  part,  or 
rim,  of  a  wheel,  moves  round  the  axis  in  the  same  time  as  a  point 
nearer  the  center,  as  upon  the  hub.  But  the  circle  described  by  the 
revolution  of  the  outer  part  of  the  wheel  is  much  larger  than  that 
described  by  the  inner  part ;  and,  as  both  move  round  the  center  in 
the  same  time,  the  outer  part  must  move  with  a  greater  velocity. 
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140.  If  the  particles  of  a  rotating  body  what  effect 

have  freedom  of  motion  among  themselves,  S^of^cA': 

a  change  in  the  figure  of  the  body  may  be  ^'j^JJf**  '®"* 

occasioned  by  the  difference  of   the  cen-  the  figure  of 
trifugal  force  in  the  different  parts. 


a  body? 


cause  of  the 
present  form 
of  the  earth  ? 


A  ball  of  soft  clay,  with  a  wire  for  an  axis  forced  through  its 
center,  if  made  to  turn  quickly,  soon  ceases  to  be  a  perfect  ball.  It 
bulges  out  in  the  middle,  where  the  centrifugal  force  is  greatest,  and 
becomes  flattened  toward  the  ends,  or  where  the  wire  issues. 

141.  The  earth  itself  is  an  example  of  the  operation  of  this  force. 
Its  diameter  at  the  equator  is  about  twenty-six  miles    What  is  the 
greater  than  its  polar  diameter.     The  earth  is  supposed 
to  have  assumed  this  form  at  the  commencement  of  its 
revolution,  through  the  action  of  the  centrifugal  force, 
while  its  particles  were  in  a  semi-fluid  or  plastic  state. 

This  change  may  be  illustrated  by  an  apparatus  represented  in  Fig. 
44.  This  consists  of  an 
elastic  circle,  or  hoop, 
fastened  at  the  lower 
side  on  a  vertical  shaft, 
while  the  upper  side  is 
free  to  move.  On  tunv 
ing  the  wheels,  so  ar- 
ranged as  to  impart  a 
very  rapid  motion  to  the 
shaft  and  hoop,  the  hoop 
will  be  observed  to  bulge 
out  in  the  middle  (owing 
to  the  centrifugal  force 
acting  with  greater  in- 
tensity upon  those  parts  farthest  removed  from  the  axis),  and  to 
become  flattened  at  the  ends. 

142.  At  the  equator  the  centrifugal  force  of  a  particle  of  matter  is 
I -289th  of  its  gravity.     This  diminishes  as  we  approach    ^-..      .     . 
the  poles,  where  it  becomes  nothing.  amount  of 

If  the  earth  revolved  seventeen  times  faster  than  it    centripetal 
now  does,  or  in  eighty-four  minutes  instead  of  twenty-     <>"®*^J  ® 
fotur  hours,  the  centrifugal  force  would  be  equal  to  the 


Fig.  44. 
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altraclion  of  gravitation,  which  may  be  considered  as  the  centripetal 
What  would  iorce,  and  all  bodies  at  the  earth's  equator  would  be 
be  the  effect  deprived  of  weight,  liince  they  would  have  as  great  a 
"lt'''f  «*"  '^"''"icy  to  leave  the  surface  of  the  earth  as  to  descend 
Hon  of  the  towards  its  center.  If  the  earth  revolved  on  its  axis  in 
eattb  were  less  time  than  eighly-four  minules,  terrestrial  gravitation 
would  be  completely  overpowered,  and  all  fluids  and 
loose  substances  would  fly  from  its  surface. 

143.  There  appears  to  be  a  constant  tendency  to 
rotary  motion  in  moving  bodies  free  to  turn  upon 
their  axes.  The  earth  turns  upon  its  axis,  as  it 
moves  in  its  orbit :  a  ball  projected  from  a  cannon, 
a  rounded  stone  thrown  from  the  hand,  all  revolve 
around  their  axes  as  they  move. 

This  phenomenoD  may  be  very  prettily  illustrated  by  placing  a 
watch-flass  upon  a  smooth 
plate  o£  glass,  Fig.  45,  moist- 
ened sufficiently  to  insure 
slight  adhesion,  and  fixed  at 
any  angle.  As  it  begins  to 
move  toward  the  bottom  of 
the  inclined  plane,  it  will 
exhibit  a  revolving  motion,  which  uniformly  increases  with  the  accel- 
eration of  its  down- 

144.  The    gyro- 
DeKtlbe  the      scope, 

in  Fig.46,isacurious 
example  of  rotation. 
It  consists  of  a  disk 
C,  revolving  within 
tberingA.  Bymeans 
of  the  notch  F,  the 
ring  may  rest  on  the 
point  of  a  stand  G. 
^"'-  ■t^  It  the  notch  be  placed 

on  tb«  point  while  the  disk  is  iH>t  in  motion,  the  instrument  falls,  as 


■^t::^^ 
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would  be  expected.  But  if  the  disk  be  made  to  rotate  rapidly,  not 
only  will  the  instrument  not  fall,  but  it  will  begin  to  turn  on  the  point 
as  shown  by  the  dotted  line.  If  the  ring  A  be  depressed  while  the 
disk  is  in  motion,  it  will  rise  again,  and  revolve  in  the  same  plane 
as  before.  The  gyroscope  is  also  known  as  the  '*  mechanical  para- 
dox," 


Practical  Questions  and  Problems  on  the  Principles  and  Compo- 
sition of  Motion. 

z.  The  SURFACB  of  the  barth  at  the  equator  moves  at  the  rate  of  about  a 
THOUSAND  MiLBS  in  an  HOUR :  why  are  men  not  sensible  of  this  rapid  movement  of 
the  earth? 

Because  all  objects  about  the  observer  are  moving  in  common  with 
him.  It  is  the  natural  uniformity  of  the  undisturbed  motion  which 
causes  the  earth  and  all  the  bodies  moving  together  with  it  upon  its 
surface  to  appear  at  rest. 

2.  How  can  you  easily  see  that  the  earth  is  in  motion  ? 

By  looking  at  some  object  that  is  entirely  unconnected  with  it,  as 
the  sun  or  the  stars.  We  are  here,  however,  liable  to  the  mistake  that 
the  sun  or  stars  are  in  motion,  and  not  we  ourselves  with  the  earth. 

3.  Does  the  SUN  really  rise  and  set  each  day  ? 

The  sun  maintains  very  nearly  a  constant  position ;  but  the  earth 
revolves,  and  is  constantly  changing  its  position.  Really^  therefore^ 
the  sun  neither  rises  nor  sets. 

4.  Why,  to  a  person  saiung  in  a  boat  on  a  smooth  stream,  or  going  swiftly  in 
a  CARRIAGE  on  a  smooth  road,  do  the  trees  or  buildings  on  the  banks  or  roadside 
appear  to  move  in  an  opposite  direction  ? 

The  relative  situation  of  the  trees  and  buildings  to  the  person,  and 
to  each  other,  is  actually  changed  by  the  motion  of  the  observer ;  but 
the  mind,  in  judging  of  the  real  change  in  place  by  the  difference  in 
the  position  of  the  objects  observed,  unconsciously  confounds  the  real 
and  apparent  motion. 

5.  Why  will  a  tallow  candle  fired  from  a  gun  pierce  a  board,  or  target,  in  the  same 
manner  as  a  leaden  bullet  will,  under  the  same  circumstances  ? 

When  a  candle  starts  from  the  breech  of  a  gun,  its  motion  is  gradu- 
ally increased,  until  it  leaves  the  muzzle  at  a  high  velocity ;  and  when 
it  reaches  the  board,  or  target,  every  particle  of  matter  composing  it 
is  in  a  state  of  great  velocity.  At  the  moment  of  contact  the  particles 
of  matter  composing  the  target  are  at  rest ;  and,  as  the  density  of  the 
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candle,  multiplied  by  the  velocity  of  its  motion,  is  greater  than  the 
density  of  the  target  at  rest,  the  greater  force  overcomes  the  weaker, 
and  the  candle  breaks  through,  and  pierces  a  hole  in  the  board. 

6.  Why,  with  an  enormous  pressure  and  slow,  motion,  can  you  not  force  a  candle 
through  a  board  ? 

Because  the  candle,  on  account  of  its  slow  motion,  does  not  possess 
sufficient  momentum  to  enable  the  density  of  its  particles  to  overcome 
the  greater  density  of  the  board;  consequently  the  candle  itself  is 
crushed,  instead  of  piercing  the  board. 

^  7.  Why  will  a  large  ship,  moving  toward  a  wharf  with  a  motion  hardly  perceptible, 
crush  with  great  force  a  boat  intervening  ? 

Because  the  great  mass  and  weight  of  the  vessel  compensate  for 
its  want  of  velocitv. 

8.  Why  can  a  person  safely  skate  with  great  rapidity  over  ice  which  would  not 
bear  his  weight  standing  quietly  ? 

Because  time  is  required  to  produce  a  fracture  of  the  ice ;  as  soon 
as  the  weight  of  the  skater  begins  to  act  upon  any  point,  the  ice, 
supported  by  the  water,  bends  slowly  under  him ;  but,  if  the  skater's 
velocity  be  great,  he  passes  off  from  the  spot  which  was  loaded  before 
the  bending  has  reached  the  point  at  which  the  ice  would  break. 

9.  A  HEAVY  COACH  and  a  light  wagon  came  in  collision  on  the  road.  A  suit  for 
damages  was  brought  by  the  proprietor  of  the  wagon.  How  was  it  shown  that  one 
of  the  VEHICLES  was  moving  at  an  unsafe  velocity  ? 

On  trial,  the  persons  in  the  wagon  deposed  that  the  shock  occasioned 
by  coming  in  contact  was  so  great,  that  it  threw  them  over  the  head  of 
their  horse  ;  and  thus  lost  their  case  by  proving  that  the  faulty  velocity 
was  their  own. 

10.  Why  did  the  fact  that  they  were  thrown  over  the  head  of  the  horse,  by 
coming  in  contact  with  the  coach,  prove  that  their  velocity  was  greater  than  it  ought 
to  have  been  ? 

The  coach  stopped  the  wagon  by  contact  with  it ;  but  the  bodies  of 
the  persons  in  the  wagon,  having  the  same  velocity  as  the  wagon^  and 
not  fastened  to  ity  continued  to  move  on.  Had  the  wagon  moved  slowly, 
the  distance  to  which  they  would  have  been  thrown  would  have  been 
slight.  To  cause  them  to  be  thrown  as  far  as  over  the  head  of  the 
horse  would  require  a  great  velocity  of  motion. 

zx.  When  two  persons  strike  their  heads  together,  one  being  in  motion  and 
the  other  at  rest,  why  are  both  equally  hurt  ? 

Because,  when  bodies  strike  each  other,  cution  and  re-action  are 
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equal:  the  head  that  is  at  rest  returns  the  blow  with  equal  force  to 
the  head  that  strikes. 

la.  When  an  elastic  ball  is  thrown  against  the  side  of  a  house  with  a  cbrtaim 
FORCE,  why  does  it  rebound  ? 

Because  the  side  of  the  house  resists  the  ball  with  the  same  f<nrce ; 
and  the  ball,  being  elastic,  rebounds, 

13.  When  the  same  ball  is  thrown  against  a  pane  of  glass  with  the  same  force 
it  goes  through,  breaking  the  glass:  why  does  it  not  rebound  as  before  ? 

Because  the  glass  has  not  sufficient  power  to  resist  the  full  force 
of  the  ball :  it  destroys  a  part  of  the  force  of  the  ball ;  but,  the  remain- 
der continuing  to  act,  the  ball  goes  through,  shattering  the  glass. 

14.  Why  did  not  the  man  succeed  who  undertook  to  make  a  fair  wind  for  hu 
pleasure-boat,  by  erecting  an  immense  bellows  in  the  stern,  and  blowing  against 
the  sails  ? 

Because  the  action  of  the  stream  of  wind  and  the  re-action  of  th« 
sails  were  exactly  equal,  and  consequently  the  boat  remained  at  rest 

15.  If  he  had  blown  in  a  contrary  direction  from  the  sails,  instead  of  against 
them,  would  the  boat  have  moved  ? 

It  would,  with  the  same  force  that  the  air  issued  from  the  bellows- 
pipe. 

x6.  Why  cannot  a  man  raise  himself  over  a  fence  by  pulling  upon  the  straps  of 
his  boots? 

Because  the  action  of  the  force  exerted  by  the  muscles  of  his  arms 
is  counteracted  by  the  re  action  of  the  force,  or,  in  other  words,  the 
resistance  of  his  whole  body,  which  tends  to  keep  him  down. 

17.  Why  do  WATER-DOGS  give  a  semi-rotary  movement  to  free  themselves  from 
water? 

Because  in  this  way  a  centrifugal  force  is  generated,  which  causes 

the  drops  of  water  adherent  to  them  to  fly  off. 

x8.  Why  is  the  course  of  rivers  rarely  straight,  but  serpentine  and  winding  ? 

When,  from  any  obstruction,  the  river  is  obliged  to  bend,  the  cen- 
trifugal force  tends  to  throw  away  the  zvater  from  the  center  of  the 
curvature ;  so  that,  when  a  bend  has  once  commenced,  it  increases,  and 
is  soon  followed  by  others.  Thus,  for  instance,  the  water  being 
thrown  by  any  cause  to  the  left  side,  it  wears  that  part  into  a  curve,  or 
elbow,  and  by  its  centrifugal  force  acts  constantly  on  the  outside  of 
the  bend,  until  the  rock  or  higher  land  resists  its  gradual  progress; 
from  this  limit,  being  thrown  back  again,  it  wears  a  similar  bend  to 
the  right  hand,  and  after  that  another  to  the  left,  and  so  on. 
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zg.  A  locomotive  passes  over  a  railroad  aoo  miles  in  length  in  five  hours  :  what  is 
its  velocity  per  hour  ? 

90.  If  a  bird,  in  flying,  passes  over  a  distance  of  45  miles  in  an  hour,  what  is  its 
velocity  per  minute  ? 

2X.  The  flash  of  a  cannon  three  miles  ofl*  was  seen,  and  in  14  seconds  afterward  the 
sound  was  heard.    How  many  feet  did  the  sound  travel  in  one  second  ? 

28.  The  sun  is  95  millions  of  miles  from  the  earth,  and  it  requires  8|  minutes  for 
its  light  to  reach  the  earth  :  with  what  velocity  per  second  does  light  move  ? 

S3.  If  a  vessel  sail  90  miles  a  day  for  eight  days,  how  far  will  it  sail  in  that  time  ? 

24.  A  gentle  wind  is  observed  to  move  1,250  feet  in  15  minutes:  how  far  would  it 
move  in  two  hours,  allowing  5,000  feet  to  the  mile  ? 

25.  What  distance  would  a  bird,  flying  uniformly  at  the  velocity  of  60  miles  per 
hour,  pass  over  in  ia|  hours  ? 

26.  Suppose  light  to  move  at  the  rate  of  186,000  miles  in  a  second  of  time,  how 
long  a  time  will  elapse  in  the  passage  of  light  from  the  sun  to  the  earth,  the  distance 
being  95  millbns  of  miles  ? 

27.  What  is  the  momentum  of  a  body  weighing  25  pounds,  moving  with  the  velocity 
of  30  feet  per  second  ? 

28.  A  cannon-ball  weighing  520  pounds  struck  a  wall  with  a  velocity  of  45  feet  per 
second:  what  was  its  momentum,  or  with  what  force  did  it  strike  ? 

29.  A  locomotive  and  train  of  cars  weighing  180  tons  (403,200  pounds),  and  mov- 
ing at  the  rate  of  40  miles  per  hour,  came  in  collision  with  another  train  weighing  z6o 
tons,  and  moving  at  the  rate  of  25  miles  per  hour  :  what  was  the  momentum,  or  force 
of  collision? 


CHAPTER   VI. 

APPLICATION   OF   FORCE. 

145.  Energy  is  the  capacity  for  doing  work,  or 
overcoming  resistances.     It  is  called  Actual  ^j^^^  .^ 
Energy,  or  Energy  of  Motion,  in  relation  to  e°"Ky? 
the  work  it  is  doing ;  and  Potential  Energy,  or  Energy  of 
Position,  in  relation  to  the  work  it  is  capable  of  per- 
forming. 

A  bent  spring  possesses  potential  energy,  because  if  allowed  to 
unbend  it  is  capable  of  exerting  actual  energy,  which  may  be  used 
to  run  a  clock.  Water  in  a  milldam  possesses  energy  from  its  position, 
and  may  turn  the  mill-wheel  by  falling  to  a  lower  level.  Capacity  for 
doing  work  is,  as  it  were,  stored  up  in  the  spring  and  water.  An  ivor}' 
ball  suspended  in  the  air  by  a  cord  possesses  potential  but  no  actual 
energy.  If  the  cord  be  cut,  the  ball  will  fall,  and  during  its  descent 
will  gradually  lose  its  energy  of  position  until  it  reaches  the  ground, 
when  the  whole  of  its  potential  energy  is  gone.  But  it  will  in  the 
mean  time  have  gained  actual  en-  p 

ergy,  which  it  can  employ  to  over-  * 

come  resistance,  or  to  impart  mo- 
tion to  some  other  body. 

The  difference  between  actual 
and  potential  energy  may  be  shown 
by  the  pendulum.  If  we  pull  the 
pendulum  F  A  (Fig.  47)  aside  to 
the  point  B,  we  confer  upon  it 
energy  of  position ;  it  has  the  power 
of  falling  through  a  certain  space. 
In  passing  from  B  to  A  it  loses  this  energy  of  position,  and  when  it 

83 
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reaches  A  it  will  have  no  energy  of  position.  But  during  its  passage 
from  B  to  A  its  motion,  under  the  influence  of  gravity,  will  be 
gradually  accelerated.  At  A  this  motion  will  be  greatest,  and  the 
pendulum  will  now  possess  its  maximum  of  actual  energy.  This 
energy  may  be  communicated  to  another  body,  or,  in  this  case,  it 
may  be  employed  to  lift  the  pendulum  to  the  point  C.  In  passing 
from  A  to  C  actual  energy  is  spent  and  potential  energy  is  gained. 
When  at  C  the  pendulum  is  in  the  same  condition  as  regards  its 
energy  as  it  was  when  at  B.  Actual  and  potential  energy  are  mutually 
convertible,  and  their  sum  in  any  system  is  always  equal  to  a  fixed 
quantity.  What  is  lost  in  actual  energy  is  gained  in  potential,  and 
the  reverse. 

Sound,  light,  heat,  electricity,  magnetism,  muscular  energy,  mechan- 
ical work,  —  all  forces  in  the  universe,  are  but  forms  of  energy,  and 
are  mutually  convertible. 

146.  The  principal  agents  from  which  we  directly 
obtain  power  or  force  for  the  performance. 

What  arethe       r  1  1  •        i  • 

principal  ot  work  are,  men  and  animals,  moving 
~r«rp""  water,  wind,  steam,  and  gunpowder.  Elec- 
tricity  and  magnetism,  when  called  into 
action,  and  capillary  attraction,  are  also  agents  of 
power;  but  none  of  these  are  capable  as  yet  of 
being  used  to  any  very  great  extent  for  the  produc- 
tion of  force. 

The  ultimate  source  of  all  power  or  force  is,  however,  the  sun. 
Through  its  influence  plants  grow,  and  winds  and  currents  of  water  are 
generated.  The  products  of  vegetation  in  turn  serve  as  food  for  ani- 
mals, and  as  fuel  for  the  production  of  artificial  heat,  —  food  consumed 
by  animals  serving  the  same  purpose  in  generating  (vital)  force  as  the 
fuel  burnt  in  a  furnace  under  a  boiler.  All  water,  also,  that  falls  as 
rain,  or  as  cataracts  and  streams,  has  been  previously  lifted  in  the 
form  of  vapor  to  the  elevation  from  which  it  falls,  through  the  action 
of  solar  heat;  and  to  the  influence  of  the  sun  upon  the  earth  may 
undoubtedly  be  also  referred  the  movement  of  magnetic  and  electric 
currents,  which  seem  to  pervade  all  matter. 
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147.  Force  is  equally  as  indestructible  as  matter ; 
or,  in  other  words,  there  is  no  such  thing  ,g  j^rce  inde- 
as  a  destruction  of  force:  consequently  «tructibie? 
the  amount  of  force  in  operation  in  the  earth,  and 
possibly  throughout  the  universe,  never  varies  in 
quantity,  but  remains  always  the  same. 

Some  of  the  reasons  which  have  led  to  a  belief  in  the  indestructi- 
bility of  force  may  be  kated  as  follows ;  — 

The  only  mode  in  which  we  can  judge  of  the  existence  of  a  force  is 
from  the  effects  it  produces ;  and  of  these  effects,  that  which  is  the 
most  evident  to  our  senses  is  the  power  either  of  producing  motion, 
of  arresting  it,  or  of  altering  its  direction :  whatever  is  capable  of  effect- 
ing these  results  is  considered  as  a  form  of  force.  Motion,  therefore, 
may  be  considered  as  the  indicator  of  force ;  and  wherever  we  i>erceive 
motion  we  may  be  certain  that  some  force  is  operating.  Now,  it  will 
be  found,  that  in  all  cases  in  which  work  is  performed,  —  or,  to  state  it 
in  other  words,  in  all  cases  in  which  force  is  exerted  and  apparently 
made  to  disappear,  —  that  it  has  expended  itself  either  in  setting  into 
action  some  other  force,  or  else  it  has  produced  a  definite  and  certain 
amount  of  motion.  This  motion  when  used  will  again  give  rise  to  an 
equal  amount  of  the  force  which  originally  produced  it.  For  example, 
we  burn  coal  in  the  air ;  the  coal  changes  its  f onn,  and  a  quantity  of 
heat  remains,  which  heat  represents  the  chemical  force  expended. 
The  heat  thus  developed  is  now  ready  to  do  work :  it  may  be  employed 
in  converting  water  into  steam,  and  the  steam  so  obtained  can,  through 
the  medium  of  machinery,  be  applied  to  the  production  of  motion. 
Motion  may  again  be  made  to  produce  heat,  —  as  through  friction,  for 
example,  —  and  recent  experiments  seem  to  show  that  the  amount  of 
heat  so  developed  by  motion  would,  if  collected  and  measured,  prove 
to  be  equal  in  amount  to  that  which  produced  the  motion.  The  heat 
produced  by  motion  is  generally  dissipated,  and  lost  for  practical  pur- 
poses, but  it  is  not  absolutely  lost.  It  has  been  absorbed,  or  diffused 
through  space,  or  converted  into  some  other  form  of  force,  which  in 
turn  takes  part  in  some  of  the  great  operations  of  nature,  or  again 
ministers  to  the  wants  and  necessities  of  man.  Numerous  other  facts 
in  support  of  the  view  that  force,  like  matter,  changes  but  is  never 
destroyed,  might  be  adduced. 
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148.  When  work  is  performed  by  any  agent,  there 

is  always  a  certain  weight  moved  over  a 

Whatisthe  ^   .  .   ^ 

standard  for  certam  space,  or  a  resistance  overcome: 
thriu^unt  ^^^  amount  of  work  performed,  therefore, 
of  work  per.   y^i\  depend  upon  the  weight  or  resistance 

formed  by  ir  ir  o  ^         ^ 

different  that  is  moved,  and  the  space  over  which  it 
'""="'  is  moved.     For  comparing  di£Eerent  quan- 

tities  of  work  done  by  any  force,  it  is  necessary  to 
have  some  standard ;  and  this  standard  is  the  power 
or  labor  expended  in  raising  a  pound  weight  one  foot 
high,  in  opposition  to  gravity.  This  standard  is 
known  as  a  foot-pound, 

149.  The  estimate  of  the  uniform  strength  of  an 
Whatisthe  Ordinary  man,  for  the  performance  of  or- 
rtraA^h  of  a  binary  daily  mechanical  labor,  is,  that  he 
man?  can  raise  a  weight  of  ten  pounds  to  the 
height  of  ten  feet  once  in  a  second,  and  continue 
to  do  so  for  ten  hours  in  the  day. 

__  A  man  can  exert  his  greatest  active  strength  in  pull- 

How  can  a  or 

man  exert  his  ii^g  upward  from  his  feet,  because  the  strong  muscles 
greatest  of  the  back,  and  those  of  the  upper  and  lower  extremi- 

strength  ?         ^j^g^  ^^^  ^^^^  brought  most  advantageously  into  action. 

The  comparative  effect  produced  in  the  different  methods  of  ap- 
plying the  force  of  a  man  may  be  indicated  as  follows :  in  the  action 
of  turning  a  crank,  or  handle,  his  force  may  be  represented  by  the 
number  17;  in  working  a  pump,  by  20;  in  pulling  downward,  as  in 
ringing  a  bell,  by  39;  and  in  pulling  upward  from  the  feet,  as  in  the 
action  of  rowing,  by  41. 

What  is  the         I  SO.  The  estimated  strength  of  a  horse 

rtrc"^hofa  is,  that  hc  can  raise  a  weight   of   thirty- 

"horec-*  three  thousand  foot-pounds.    Such  a  meas- 

power"?  ure  of  force  is  called  a  "horse-power." 
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The  strength  of  a  horse  is  considered  to  be  equal  to  that  ci  five 
men.  The  average  strength  which  a  horse  can  exert  in  drawing  is 
about  sixteen  hundred  pounds. 

It  is  estimated  that  the  amount  of  force  generated  by  the  combus- 
tion of  one  pound  of  coal  is  capable  of  raising  ten  million  pounds  to 
the  height  of  one  foot  in  a  minute. 

151.  The  effect  produced  by  a  moving  5?^******* 
power   is   always   expressed  by  a   certain  moving 
weight  raised  a  certain  height.  ^^^ 


To  find,  therefore,  the  effect  of  a  moving  power,  or  to  find  the 
power  expended  in  performing  a  certain  work,  we  have  the  following 
rule :  — 

152.  Multiply  the  weight  of   the   body  "®'^"*^ 
moved,  in  pounds,  by  the  vertical   space  expended  in 

through  which  it  is  moved.  certalned? 

Thus,  for  example,  if  a  horse  draw  a  loaded  wagon  with  a  force 
by  which  the  traces  are  stretched  to  as  great  a  degree  as  if  two 
hundred  pounds  were  susp>ended  vertically  from  them,  and  if  the 
horse  thus  acting  draws  the  wagon  over  a  space  of  a  hundred  feet, 
the  mechanical  effect  produced  is  said  to  be  two  hundred  pounds 
raised  a  hundred  feet ;  or,  what  is  the  same  thing,  twenty  thousand 
pounds  raised  one  foot.  When  a  horse  draws  a  carriage,  the  work  he 
performs  is  expended  in  overcoming  the  resistance  of  friction  of  the 
road,  which  opposes  the  motion  of  the  carriage  ;  but  friction  increases 
and  diminishes  as  the  weight  of  the  load  increases  or  diminishes.  The 
work  performed  will  therefore  be  estimated  by  multiplying  the  total 
resistance  of  friction,  as  expressed  in  pounds,  by  the  space  over  which 
the  carriage  is  moved. 

The  following  examples  will  illustrate  how  we  are  enabled,  by  the 
above  rules,  to  calculate  the  amount  of  power  required    mugt^tg  t^g 
to  perform  a  certain  amount   of  work.     Suppose  we    manner  of 
wish  to  know  the  amount  of  horse-power  required  to    estimating 
lift  224  pounds  of  coal  from  the  bottom  of  a  mine  600    P®^*'* 
feet  deep.    The  weight,  224,  multiplied  into  space  moved  over,  600 
feet,  equals  134,400,  the  amount  of  work  to  be  performed  each  min- 
ute ;  a  horse-power  equals  33,000  pounds  raised  one  foot  per  minute  : 
therefore  1 34,400 -^- 33,000  =  4.07,  horse-power  required.     If  we  wish 
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to  perform  the  same  work  by  a  steam-engine,  we  would  order  an  en- 
gine of  4.07  horse-power,  and  the  engine-builder,  knowing  the  dimen- 
sions of  the  parts  of  an  engine  essential  to  give  one  horse-power,  can 
build  an  engine  capable  of  performing  the  requisite  work. 

Again :  Suppose  a  locomotive  to  move  a  train  of  cars,  on  a  level, 
at  the  rate  of  30  miles  i>er  hour,  the  whole  weighing  25  tons,  with 
a  constant  resistance  from  friction  of  200  pounds :  what  is  the  horse- 
power of  the  engine  ?  Thirty  miles  per  hour  equals  2,640  feet  per 
minute;  this  space  multiplied  by  200  pounds,  the  resistance  to  be 
overcome,  equals  528,000,  the  work  to  be  done  every  minute ;  which, 
divided  by  33,000  (one  horse-power),  equals  16,  the  horse-power  of 
the  locomotive. 

153.  An    instrument   for   measuring    the   relative 
«.,u    ,  strength  of  men  and  animals,  and  also  of 

What  is  a  ^  ' 

dynamome-  the  force  exerted  by  machinery,  is  called 
^*'  a  D/namometer, 

Fig.  48  represents  one  of  the  most  common  forms  of  the  dynamom- 
eter, consisting  of  a  band  of 
steel,  bent  in  the  middle,  so  as 
to  have  a  certain  degree  of 
flexibility.  To  the  expanded 
extremity  of  each  limb  is  fixed 
P        g  an    arc    of    iron,   which 

passes  freely  through  an 
opening  in  the  other  limb,  and  terminates  outside  in  a  hook  or 
ring.  One  of  these  arcs  is  graduated,  and  represents  in  pounds 
the  force  required  to  bring  the  two  limbs  nearer  together. 
Thus,  if  a  horse  were  pulling  a  rope  attached  to  a  body  which 
he  had  to  move,  we  may  imagine  the  rope  to  be  cut  at  a  cer- 
tain point,  and  the  two  ends  attached  to  the  ends  of  the  arcs, 
as  represented  in  Fig.  48 :  the  force  of  traction  exerted  by  the 
animal  would  be  seen  by  the  greater  or  less  bringing  together 
of  the  ends  of  the  instrument. 

In  another  form  of  dynamometer,  Fig.  49,  which  is  also 
used  as  a  spring  balance  in  weighing,  the  force  is  measured  by 
the  collapsing  of  a  steel  spring,  contained  within  a  cylindrical 
case.  The  construction  and  operation  of  this  instrument  will 
be  easily  understood  from  an  examination  of  the  figure. 
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154.  A   machine  is   an  instrument,  or  apparatus, 
adapted  to  receive,  distribute,  and   apply  what  u  a 
motion  derived  from  some  external  force,  »«*cwne? 
in  such  a  way  as  to  produce  a  desired  result. 

A  steam-engine  and  a  water-wheel  are  examples  of  machines. 
They  receive  the  power  of  steam  in  the  one  case,  and  the  power  of 
falling  water  in  the  other,  and  apply  it  for  locomotion,  sawing,  ham- 
mering, &c. 

155.  A  7nachine  can  not,  under  any  cir-  Dowepro- 
cumstances,  create  power,  or  increase  the  fheuse"?**^ 
quantity  of  power,  or  force,  applied  to  it.      machine*? 

A  machine  will  enable  us  to  concentrate,  or  divide,  any  quantity  of 
force  which  we  may  possess,  but  it  no  more  increases  the  quantity 
of  force  applied  than  a  mill-pond  increases  the  quantity  of  water  flow- 
ing in  the  stream. 

Machines,  in  fact,  do  not  increase  an  applied  force,  but  they  dimin- 
ish it ;  or,  in  other  words,  no  machine  ever  transmits  the 
whole  amount  of  force  imparted  to  it  by  the  moving    chines  in 
power,   since   a  part   of  the  power  is   necessarily  ex-    reality 
pended  in  overcoming  the  inertia  of  matter,  the  friction    diminish 
of  the  machinery,  and  the  resistance  of  the  atmosphere. 

156.  Perpetual  Motion,  or  the   construction  of  ma- 
chines which  shall  produce  power  sufficient  is  perpetual 
to  keep  themselves  in  motion  continually,  "°chuil° 

is   therefore    an    impossibility,    since    no  possible? 
combination    of    machinery   can   create   or   increase 
the  quantity  of   power  applied,  or  even  preserve  it 
without  diminution. 

157.  We  derive  advantages  from  machines  in  three 
different   ways:    ist,   from   the    additions  how  do  we 
they  make  to  human  power ;  2d,  from  the  ^^erf^e  a^- 

-  ,  r    1  vantages 

economy   they   produce   of  human   time;  fromma- 
3d,   from   the   conversion    of    substances  ^  °** 
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apparently  worthless  and  common  into  valuable  prod- 
ucts. 

158.  Machines  make  additions  to  human  power, 
How  do  ma-  ^ecause  they  enable  us  to  use  the  power 
chines  make    of  natural  agents,  as  wind,  water,  steam. 

additions  to 

human  They  also  enable  us  to  use  animal  power 

power  y/\ih  greater  effect,  as  when  we  move  an 

object  easily  with  a  lever  which  we  could  not  with 
the  unaided  hand. 

How  do  ma-        ^59*  Machines  producc  economy  of  hu- 
chinespro-      man  time,  because  they  accomplish  with 

duceecono-  '  * 

my  of  human  rapidity  what  would  require  the  hand  un- 
*"**  aided  much  time  to  perform. 

A  machine  turns  a  gun-stock  in  a  few  minutes :  to  shape  it  by  hand 
would  be  the  work  of  hours. 

160.  Machines  convert  objects  apparently  worth- 
How  do  ma-  less  into  valuable  products,  because  by 
vert  worth"-  thoir  great  power^  economy,  and  rapidity  of 
into  vahTabie  ^^^^^^  ^^cy  make  it  profitable  to  use  ob- 
products?  jects  for  manufacturing  purposes  which  it 
would  be  unprofitable  or  impossible  to  use  if  they 
were  to  be  manufactured  by  hand. 

Without  machines,  iron  could  not  be  forged  into  shafts  for  gigantic 
engines ;  fibers  could  not  be  twisted  into  cables ;  granite,  in  large 
masses,  could  not  be  transported  from  the  quarries. 

16  r.  In  machinery,  we  designate  the  moving  force 
Define  pow-  as  the  Power ;  the  resistance  to  be  over- 
and^wkiig  come,  whatever  may  be  its  nature,  as  the 
^°!ldtrmr"  ^^'9^*''  and  the  part  of  the  machine  im- 
chinery.  mediately  applied  to  the  resistance  to  be 
overcome,  as  the  Working  Point 


APPLICATION   OF   FORCE.  9 1 

162.  The  great  general  advantage  that  what  is  the 

we  obtain  from  machinery  is,  that  it  ena-  S^ugr^f 

bles   us   to  exchange  time  and  space  for  machinery? 
power. 

Thus,  if  a  man  could  raise  to  a  certain  height  two  hundred  pounds 
in  one  minute,  with  the  utmost  exertion  of  his  strength,  no  arrange- 
ment of  machinery'  could  enable  him  unaided  to  raise  two  thousand 
pounds  in  the  same  time.  If  he  desired  to  elevate  this  weight,  he 
would  be  obliged  to  divide  it  into  ten  equal  parts,  and  raise  each  part 
separately,  consuming  ten  times  the  time  required  for  lifting  two  hun- 
dred pounds.  The  application  of  machinery  would  enable  him  to 
raise  the  whole  mass  at  once,  but  would  not  decrease  the  time  occu- 
pied in  doing  it,  which  would  still  be  ten  minutes. 

Again :  A  boy  who  can  not  exert  a  force  of  fifty  pounds  may,  by 
means  of  a  claw-hammer,  draw  out  a  nail  which  would  support  the 
weight  of  half  a  ton.  It  may  seem  that  the  use  of  the  hammer  in  this 
case  creates  power ;  but  it  does  not,  since  the  hand  of  the  boy  is  re- 
quired to  move  through  perhaps  one  foot  of  space  to  make  the  nail 
rise  one-quarter  of  an  inch.  But  it  has  been  already  shown  that  the 
force  of  a  small  body  moving  with  great  velocity  may  equal  the  force 
of  a  large  body  with  a  slight  velocity.  On  the  same  principle,  the 
small  weight,  or  power,  exerted  by  the  boy  on  the  end  of  the  hammer- 
handle,  moving  through  a  large  space  with  an  increased  velocity, 
acquires  sufficient  momentum  to  overcome  the  great  resistance  of  the 
nail. 

In  both  of  these  examples  space  and  time  are  exchanged  for  power. 

163.  The  mechanical  force,  or  momentum,  of  a  body^  is  ascertained 

by  multiplying  its  weight  by  the  space  through  which 

it  moves  in  a  given  time,  that  is  to  say,  by  its  velocity,    mechanical 

The  mechanical  force,  or  momentum,  of  a  power ^  may    effect  of  a 

also  be  found  by  multiplying  the  power,  or  its  equivalent    Power  de- 
.  ,  ^   .      .^        ,     .  termined  ? 

weight,  by  its  velocity. 

164.  The  power,  multiplied  by  the  space  through 
which  it  moves  in  a  vertical  direction,  is  what  is  the 
equal    to    the   weight   multiplied   by   the  {fbriuLTaii 
space  through  which  it  moves  in  a  verti-  machines? 
cal  direction. 
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This  is  the  genera]  law  which  determines  the  equilibrium  of  all 
machines. 

165.  The  power  will  overcome   the   resistance  of 
,.  .      ,.  .    the  weight,  and  motion  will  take  place  in 

Under  what  °      '  ^ 

conditions      a  machine,  when  the  product  arising  from 

take  place  in  the  powcr  multiplied  by  the  space  through 
a  machine?     ^j^j^j^  j^  ^^^^^^  j^^  ^  Vertical  direction  is 

greater  than  the  product  arising  from  the  weight 
multiplied  by  the  space' through  which  it  moves  in  a 
vertical  direction. 

Practical  men  express  the  principle  of  equilibrium  in  machinery  by 
What  is  saying  that  "  what  is  gained  in  power  is  lost  in  time." 

meant  by  the    Thus,  if  a  small  power  acts  against  a  great  resistance, 

expression,  ^j^g  motion  of  the  latter  will  be  iust  as  much  slower 
4(  PoviTcr  is 

rained  at  the  ^^^^  *^*^*  °^  ^^^  power  as  the  resistance,  or  weight,  is 
expense  of  greater  than  the  power ;  or,  if  one  pound  be  required  to 
time"?  overcome  the  resistance  of  two  pounds,  the  one  pound 

must  move  over  two  feet  in  the  same  time  that  the  resistance,  two 
pounds,  requires  to  move  over  one. 


SECTION    I. 

THE   ELEMENTS  OF   MACHINERY. 

166.  All  machines,  no  matter  how  complex  and 
How  many  intricate  their  construction,  may  be  re- 
simpiema-     duccd  to  onc  or  morc  of  six  simple  ma- 

cnines  are  '' 

there?  chines,  or  elementary  principles,  which  we 

call  the  "  Mechanical  Powers/' 

Enumerate         1 67.  They  are  the  Lever,  the  Wheel  and 
thesixeie-      ^^/^    ^^ie   Pullev,   the    Inclined   Plane,   the 

mentary  ma-  ^ 

chines.  Wedge,  and  the  Screw. 
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These  simple  machines  may  be  further  reduced  to  three,  —  the 
lever,  the  pulley,  and  the  inclined  plane;  isince  the  wheel  and  axle, 
the  screw,  and  the  wedge  may  be  regarded  as  modifications  of  them. 

The  name  "  mechanical  powers,"  which  has  been  applied  to  the  six 
elementary  machines,  is  unfortunate,  since  it  serves  to  convey  an  idea 
that  they  are  really  powers,  when  in  fact  they  possess  no  power  in 
themselves,  and  are  only  instruments  for  the  application  of  power. 

i68.  A  Lever  consists   of  a   solid   bar,  what  is  a 
straight   or  bent,  turning   upon   a   pivot, 
prop,  or  axis. 

169.  The  Arms  of   the  lever  are  those  what  arc  the 
parts  of  the  bar  extending  on  each  side  of  ™r? 
•the  axis. 

170.  The  Fulcrum,  or  prop,  is  the  name  whatuthc 
applied  to  the  axis,  or  point  of  support.  "  *^"'" 

171.  Levers  are  divided  into  three  kinds,  or  classes, 
according   to   the  position  which  the  ful-  How  many 
crum  has   in  relation   to   the   power   and  fcvcra  are 
the  weight.  *»»"«? 

172.  In  the  first  class  the  fulcrum  is  between  the 

power    and   the  what  arc  the  /         y 

weight;    in  the  t^":,^:'       ^^  * 

second  class  the  power,  fui-  ^^^^  j^ 

.  crum,  and  PiM^^  p 

fulcrum     IS     at  weight,  in  n £ 

one  end   of  the  LindsM*  j^± 

lever,    and    the  '*^*"^ 

weight  is  between  the  ful-  ^    ^^^v^J» 

crum  and  the   power;    in        I 

the  third  class  the  fulcrum    ^^^ 

is  at  one  end  of  the  lever,  ^^°*  ^* 

and  the  power  is  between  the  fulcrum  and  the  weight. 

Fig.  50  represents  the  three  classes  of  levers,  numbered  in  their 
order,  i,  2,  3.     P  is  the  power,  W  the  weight,  and  F  the  fulcrum. 
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A  crowbar  applied  to  elevate  a  stone  is  an  example  of  a  lever  of 
the  first  kind.  In  Fig.  51,  which  represents  a  lever 
examples  of  of  this  class,  a  indicates  the  fulcrum  which  supports  the 
levers  of  the  bar,  b  the  power  applied  by  the  hand  at  the  end  of  the 
first  class  ?  longest  arm,  and  c  the  weight,  or  stone,  raised  at  the  end 
of  the  short  arm.     A  poker  applied  to  stir  up  the  fuel  of  a  grate  is  a 

lever  of  the  first  class,  the 
fulcrum  being  the  bars  of 
the  grate;  the  brake,  or 
handle  of  a  pump,  is  also 
a  familiar  example.  Scis- 
sors, pincers,  &c.,  are  com- 
p,(-  5,^  posed  of  two  levers  of  the 

first  kind;  the  fulcrum 
being  the  joint,  or  pivot,  and  the  weight  the  resistance  of  the  substance 
to  be  cut  or  seized.  The  power  of  the  fingers  is  applied  at  the  other 
end  of  the  levers. 

What  is  the  173-  A  levcF  will  be  in  equilibrium, 
ifbrium  2f "  when  the  power  and  the  weight  are  to 
the  lever?  each  Other  inversely  as  their  distances 
from  the  fulcrum. 

Thus,  if  in  a  lever  of  the  first  class  the  power  and  the  weight  are 
equal,  and  are  required  to  exactly  balance  each  other,  they  must  be 
placed  at  equal  distances  from  the  fulcrum.  If  the  power  is  only  half 
the  weight,  it  must  be  at  double  the  distance  from  the  fulcrum ;  if  one- 
third  of  the  weight,  three  times  the  distance.  If  we  suppose,  in  Fig. 
51,  r  to  represent  a  weight  of  three  hundred  pounds,  placed  two  feet 
from  the  fulcrum  a,  and  b  a  power  of  a  hundred  pounds  placed 
six  feet  from  a,  then  c  and  b  will  be  in  equilibrium,  for  (300  X  2)  = 
(100  X  6). 

1 74.  When  the  weight,  and  lengths  of  the  two  arms 
Wei  h  d  ^^  ^  lever,  are  given,  the  power  requisite  to 
the  length  of  balance  the  weight  may  be  ascertained  by 
levcr'bcing*  dividing  the  product  of  the  weight,  multi- 
wefilld'th^  plied  into  its  distance  from  the  fulcrum,  by 
equivalent      the  distance  of  the  power  from   the  ful- 

power. 

crum. 
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175.  Cork  or  lemon  squecMts,  Fig.  52,  are  e^iamples  o£  the  levers 
of  the   second  class,  which   have   ihe  fulcrum  at  one   ^. 

end,  and  ihe  weight,  or  resistance  lo  be  overcome,  gxamplsB  of 
between  the  fulcrum  and  the  power.  An  oar  ts  a  lever  lover*  of  the 
of  the  second  class,  in  which  the  re-action  of  the  water  •«""^='"»' 
against  the  blade  is  the  fulcrum,  the  boat  the  weight,  and  the  hand  of 
the  boatman  the  power.  A 
door  moved  on  its  hinges  is 
another  example.  A  wheel- 
barrow is  a  lever  of  the  sei- 
ond  class,  the  fulcrum  being 
the  point  at  which  the  wheel 
presses  upon  the  ground,  the 
barrow  and  its  load  the 
weight,  and  the  hands  (be 
power.  Nut-crackers  are  two  levers  of  the  second  class,  the  hinge 
which  unites  them  being  the  fulcrum,  the  resistance  of  the  shell 
placed  between  them  the  weight,  and  the  hand  the  power. 

176.  A  pair  of  sugar-tongs  represents  a  lever  of  Ihe  third  class,  in 
which  the  power  is  applied    what  hie  e> 

between  the  fulcrum  and  (he    aniplet  oi 

resistance,    or   weight.        In    '"^eri  of  the 

Fig.  53  the  fulcrum  is  at  <i,    *'"'^  ''^"*  ' 

the  resistance  is  the  piece  of  sugar  to  be     ^ 

lifted  at  i,  and  the  power  is   the   fingers 

applied  at  c.     When  a  man  raises  a  lad-       I 

der  against  a  wall,  he  employs  a  lever  of 

the  third  class;  the  fulcrum  being  the  Eoot 

of  the  ladder  resting  upon   the  ground. 

the  power  being  the  hands  applied  to  raise 

it,  and  the  resistance  being  the  weight  of  the  ladder. 

177.  In  levers  of  the  third  class,  the  power,  being 
between  the  fulcrum  and  the  weight,  will  whatiitht 
be  at  a   less   distance  from    the   fulcrum  reiationbe- 
than   the    weight;    and,  consequently.  In  power»nii 
this   form   of    lever    the   power    must   be   leven'ofth*" 
always  greater  than  the  weight.  thirtci«M? 


Phi.  jj. 
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Thus  (in  No.  3,  Fig.  50),  if  the  length  from  the  point  where  the 
weight,  W,  is  suspended  to  F  be  three  times  the  length  of  P  F,  then  a 
weight  of  one  hundred  pounds  suspended  at  W  will  require  a  power 
of  three  hundred  applied  at  P  to  sustain  it. 

Owing  to  its  mechanical  disadvantages,  this  class  of  levers  is  rarely 

used,  ex- 


Under  what 
circum- 
stances do 
we  employ 
levers  of  the 
third  class  ? 

great  force. 


cept  where 
a   quick 
motion    is 
required, 
rather  than 
The  most 
strikinjg  examples  of  lev- 
ers  of  the  third  class  are 
found  in  the  animal  king- 
FiG.  54.  dom.    The  limbs  of  ani- 

mals are  generally  levers 
of  this  description.  The  socket  of  the  bone,  a.  Fig.  54,  is  the  ful- 
crum ;  a  strong  muscle  attached  to  the  bone  near  the  socket,  <:,  and 
extending  to  d^  is  the  power ;  and  the  weight  of  the  limb,  together 
with  whatever  resistance,  z&,  is  opposed  to  its  motion,  is  the  weight. 
A  very  slight  contraction  of  the  muscle  in  this  case  gives  considerable 
motion  to  the  limb. 

The  leg  and  claws  of  a  bird  are  examples  of  the  third  class  of 
levers,  the  whole  arrangement  being  admirably  adapted  to  the  wants 
of  the  animal.  When  a  bird  rests  upon  a  perch,  its  body  constitutes 
the  weight,  the  muscles  of  the  leg  the  power,  and  the  perch  the  ful- 
crum. Now,  the  greater  the  weight  of  the  body,  the  more  strain  it 
exerts  upon  the  muscles  of  the  claws,  which,  in  turn,  grasp  the  perch 
more  firmly ;  consequently  a  bird  sits  upon  its  perch  with  the  greatest 
ease,  and  never  falls  off  in  sleeping,  since  the  weight  of  the  body  is 
instrumental  in  sustaining  it. 

178.  A  Compound  Lever  is  2l  combination  of  several 
What  is  simple  levers,  so  arranged  that  the  shorter 
compound  arm  of  one  may  act  upon  the  longer  arm 
of  another.  In  this  way  the  power  of  a 
small  force  in  overcoming  a  large  resistance  is  greatly 
multiplied. 


APPLICATION    OF   FORCE. 


97 


An  arrangement  of  compound  levers  is  shown  in  Fig.  55.  Here,  by 
means  of  three  simple  levers,  one  pound  may  be  made  to  balance  one 
thousand ;  for,  if  the  long  arm  of  each  of  the  levers  is  ten  times  the 
length  of  the  short  one,  one  pound  at  the  end  of  the  first  one  will 


3 


Fig.  55. 

exert  a  force  of  ten  pounds  upon  the  end  of  the  second  one,  which  will 
in  turn  exert  ten  times  that  amount,  or  one  hundred  pounds,  upon  the 
end  of  the  third  one,  which  will  balance  ten  times  that  amount,  or  one 
thousand  pounds,  at  the  other  extremity. 

179.  The  disadvantage  of  a  compound 
lever  is,  that  its  exercise  is  limited  to  a 
very  small  space. 


What  ia  the 
disadvantage 
of  a  com- 
pound lever? 


B 


Fig.  56. 

180.  The  different  varieties  of  weighing-machines  are  varieties  or 
combinations   of  levers.    The   common  steelyard  is   a    Describe  the 
lever  of  unequal  arms,  belonging  to  the  first  class.     It    common 
consists  of  a  bar  (Fig.  56)  marked  with  notches  to  indi-   «teelyard. 
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cate  pounds  and  ounces,  and  a  weight  which  is  movable  along  the 
notches.  The  bar  is  furnished  with  three  hooks,  or  rings,  on  the 
largest  of  which  the  article  to  be  weighed  is  always  hung.  The  other 
hooks  serve  to  support  the  instrument  when  it  is  in  use ;  and  the  pivot 
by  which  they  are  attached  to  the  bar  serves  as  the  fulcrum.  The 
weight  Q,  sliding  upon  the  bar,  balances  the  article  P,  which  is  to  be 
weighed ;  it  being  evident  that  a  pound  weight  at  D  will  balance  as 
many  pounds  at  P  as  the  distance  A  C  is  contained  in  the  space  D  C. 

It  may  happen,  that,  when  the  weight  Q  is  moved  to  the  last  notch 
upon  the  bar  B  C,  the  article  P  will  still  preponderate.  In  this 
case  the  steelyard  is  held  by  the  hook  or  ring  nearer  to  A,  which 
hangs  down  in  the  figure,  and  the  steelyard  turned  over,  it  being  fur- 
nished with  two  sets  of  notches  on  opposite  sides  of  the  bar.  By  this 
means  the  distance  of  P,  the  article  weighed,  from  the  fulcrum,  is 
diminished ;  and  the  weight  Q,  at  the  given  distance  upon  the  opposite 
side  of  the  fulcrum,  will  balance  a  proportionally  greater  resistance,  or 
weight. 

i8i.  The  ordinary  balance  is  a  lever  of  the  first  class,  with  equal 
Describe  the  ^nns,  in  which  the  power  and  the  weight  are  necessarily 
ordinary  bal-  equal.  Fig.  57  shows  the  common  form.  The  fulcrum, 
*'**^**  or  axis,  is  made  wedge-like,  with  a  sharp,  knife-like 

edge,  and  rests  upon  a  surface  of  hardened  steel,  or  agate,  in  order 

that  the  beam  may  turn 
easily.  The  scale-pans 
are  suspended  by  chains 
from  points  precisely  at 
equal  distances  from  the 
fulcrum,  and,  being  them- 
selves adjusted  so  as  to 
have  precisely  equal 
weights,  the  two  sides 
will  perfectly  balance  when  the  pans  are  empty. 

182.  If  the  two  arms  of  a  scale-beam  be  not  of  perfectly  equal 
Under  what  length,  a  smaller  weight  at  the  end  of  the  larger  arm 
circum-  will  balance  a  greater  weight  at  the  end  of  the  shorter, 

a  balance  in-  ^^  excess  of  half  an  inch  in  the  length  of  the  arm  of 
dicate  false  the  beam  to  which  merchandise  is  attached,  where  the 
weights  ?  arm  should  be  eight  inches  long,  would  cheat  the  buyer 

exactly  one  ounce  in  every  pound.  This  fraud,  if  suspected,  might  be 
detected  instantly,  by  transposing  the  weight  and  the  article  balanced : 
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the  lightest  would  then  be  at  the  end  of  the  short  a 
appear  lighter  than  it  actually  is. 


99 

1,  and  would 


1 83.  Platform  scales,  and  scales  intended  for 
weighing  hay,  &c.,  are  usually  compound  wh«utho 
levers,  and  are  constructed  in  very  various  "  pIl'S^" 
forms,  but  all  depend  on  the  principles  «^™' 
above  explained.  Fig.  58  represents  one  of  the 
varieties,  and  Fig.  59  a  section  of  the  same,  showing 
the  arrangement  and  combination  of  the  levers. 


184  Vi  hen  a  lever  is  applied  to  raise  i 
resistance  the  space  through  which  it  acts  a 
and  the  work  must  be  accomplished  hy  a  succession  of 
short  and  intermitting  efforts  These  circumstances, 
therefore  limit  the  utility  of  [he  common  lever  and  re- 
strict Its  use  Co  those  cases  only  m  which  weights  are 
required  to  be  raised  through  small  spaces. 
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iSj.  When,  however,  a  continuous  motion  is  required,  as  in  raising 
ore  from  a  mine,  or  in  lifting  the  anchor  of  a  ship,  in 
contiauoua       order  to   remove   Ihe  intermitting  action  of  the   lever, 
motion  Ob-       and  render  it  continual,  we  employ  the  simple  machine 
ttjnedf  known  as  Ihe  »hee!  and  axle,  which  is  only  another 

form  of  the  lever,  in  which  the  power  is  made  to  act  without  inter- 


i86.  The  form  of  the  simple  machine  denominated 

the  l¥h»e/  and  Axle  consists  of  a  cylinder, 
WhBtna  ,  ,  ,    .  ■'.  , 

wheel  •nd       termed  an  axle,  revolving  on  an  axis,  and 

"  "  having  a  wheel  of  larger  diameter  immova- 

bly attached  to  it,  so  that  the  two  revolve  with  a 
common  motion. 

In  Fig.  60,  a  represents  the  axle  with  a  wheel  immovably  attached 
n«  h  ih  '"  '''  ""*'  '''^  wheel 
■etionotibe  turning  on  pivots  in- 
wheel  nnd  serted  into  the  ends 
""  of  the  axle.     Around 

this  axle  is  wound  a  rope,  to  which 
is  attached  the  weight  r,  and  around 
the  wheel  is  another  rope,  to  which 
the  power  /  is  applied.  It  is  evi- 
dent that  one  turn  of  the  wheel 
will  unwind  as  much  more  rope 
from  the  wheel  than  it  winds  on 
the  axle  as  its  circumference  is 
_      ,  greater.     The  power  p  will  there- 

fore pass  over  a  much  greater  space 
than  the  weight  r.  The  weight  on  the  axle,  which  may  be  considered 
as  acting  on  the  short  arm  of  a  lever  which  is  the  radius  *  of  Ihe  axle, 
may  be  much  heavier  than  the  power  which  acts  at  Ihe  long  arm  of  a 
lever,  which  is  the  radius  of  the  wheel- 
Hence  the  advantage  gained  in  the  wheel  and  axle  is  equal  to  the 
nimiber  of  times  that  the  radius  of  the  axle  is  contained  in  the  radius 
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of  the  wheel ;  and,  to  estimate  tHe  Yne£tfanical  advantage  gained  by  the 
wheel  and  axle,  we  have  the  followihg  rale :  — 

187.  The  power  is  to  the  weight >  the  ^Z^tul^e 
radius  of  the  axle  is  to  the  radius* of  the  advantage  of 

the  wheel 

wheel.  ^     ' >'    and  axle? 

■'  ^      -■ 
-^    /    -' 
If  the  radius  of  the  wheel  f  ^  be  twenty-four  inches,  and  the  jadius 

of  the  axle  ad  he  three  inches,  then  the  advantage  gained  ^^uld^be 

24  -7-  3  =  8,  and  a  power  of  a  hundred  pounds  applied  to  the  whtei 

would  balance  a  weight  of  eight  hundred  applied  to  the  axle.  '  **•    - 

188.  The  methods  of  applying  power  in  the  wheel  and  axle  are  : 

very  various,  it  not  being  es-    ._ 

•  ,    ,         ,  LI,    **ow  do  we 

sential  that  the  power  should    apply  power 

be  applied  by  a  rope.  The  in  the  wheel 
axle  is  sometimes  placed  in  a  *°  ^ 
vertical  or  upright  position,  and  the  power 
applied  by  means  of  levers,  or  bars,  in- 
serted into  holes  in  one  end  of  the  axle. 
A  capstan  of  a  ship,  Fig.  61,  is  an  example 
of  this.  ^»<^-  6'- 

In  the  windlass,  a  handle,  or  winch,  is  substituted  in  the  place  of  a 
wheel.  In  this  case  the  advantage  gained  is  equal  to  the  number  of 
times  that  the  length  of  handle  is  greater  than  the  radius  of  the  axle. 
Thus,  if  tHe  handle  is  twenty  inches  and  the  radius  of  the  axle  is  two 
inches,  then  the  advantage  would  be  ten ;  and  a  power  of  fifty  pounds 
applied  at  the  handle  would  just  raise  a  weight  of  ten  times  fifty,  or 
five  hundred  pounds. 

When  great  power  is  required,  wheels  and  axles  may  be  combined 
together  in  a  manner  similar  to  that  of  the  compound  lever  already 
explained  (§  178).  By  such  a  combination  we  gain  the  advantage  of 
using  a  very  large  wheel  with  a  small  axle,  without  their  incon- 
veniences. 

189.  The  most  frequent  method  of  transmitting  mo-    ^^. 

tion  through  a  combination  of  wheels  is  by  the   con-   the  most 

struction  of  teeth   upon  their  circumference,  so  that,   frequent 

the  teeth  of  each  wheel  falling  between  those  of  the    f»e*hod  of 
It  .,  ,        i-  1     «  ,         transmit- 

other,  the  one   necessarily  pushes  forward  the  other,    ting  motion 

When  teeth  are  thus  affixed  to  the  circumference  of  a   through  a 

wheel,  they  are  termed  cogs;  upon  an  axle,  they  are    combination 

termed  leaves^  while  the  axle  itself  is  called  2^  pinion. 
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Fig.  62. 


•     ,    " 
Fig.  62  represents  a  combiilaftioir  o!  wheels  and  axles  for  the  trans- 

mission  of  power.     If  the  t^^^  ofi  the  axle  of  the  wheel  c  act  on  six 

times  the  number  of  te^(3!*p(V  the  circumference  of  the  second  wheel, 

the  second  will  turH*c|Jily»pnce  for  every  six  turns  of  the  first.     In  the 

same  manner  the* Second  wheel,  by  turning  six  times,  turns  the  third 

wheel  once^:  %:^5equently,  if  the  proportion  between  the  wheels  and 

their  axles*  H^  preserved  in  all  three,  the  third  turns  once,  the  second 

six  tiipes,  afid  the  first  thirty-six  times.     Now,  as  the  wheel  and  axle 

act  in  adj  respects  like  a  simple  lever,  and  a  combination  of  wheels  and 
•  •  •      • 
*,axle!^  is  a  combination  of  levers,  there  is  no  difficulty  in  understanding 

how  a  mechanical  advantage 
is  gained  by  this  contrivance. 
The  power  is  to  the  weight 
as  the  product  of  the  radii 
of  all  the  axles  is  to  the 
product  of  the  radii  of  all 
the  wheels.  Thus,  if  the 
radii  of  all  the  axles  be 
expressed  by  the  numbers 
2,  3,  and  4,  and  the  radii 
of  the  wheels  Cy  /,  and  ^,  be  expressed  by  the  numbers  20,  25,  and 
30,  then  power  will  be  to  the  weight  as  2  X  3  X  4,  =  24,  is  to 
20  X  25  X  30,  =  15,000 ;  or  a  power  of  24  at  the  first  wheel  will  bal- 
ance 15,000  at  the  axle  of  the  last  wheel. 

190.  One  of  the  most  familiar  instances  of  combined  wheel-work  is 
exhibited  in  clocks  and  watches.  One  turn  of  the  axle 
on  which  the  watch-key  is  fixed  is  rendered  equivalent, 
by  a  train  of  wheel-work,  to  about  four  hundred  turns, 
or  beats,  of  the  balance-wheel;  and  thus  the  exertion, 
during  a  few  seconds,  of  the  hand  which  winds  up,  gives 
motion  for  twenty-four  or  thirty  hours.  By  increasing  the  number  of 
wheels,  timepieces  are  made  which  go  for  a  year,  or  a  greater  length 
of  time. 

Wheels  may  be  connected,  and  motion  communicated  from  one  to 
the  other,  by  bands,  or  belts,  as  well  as  by  teeth.  This  principle  is 
seen  in  the  spinning-wheel  and  common  turning-lathe.  A  spinning- 
wheel,  as  a  c,  Fig.  63,  of  thirty  inches  in  circumference,  turns  by  its 
band  a  smaller  wheel,  or  spindle,  ^,  of  half  an  inch,  sixty  times  for 
every  revolution  of  a  c. 

When  the  wheel  is  intended  to  revolve  in  the  same  direction  with 


What  are 
familiar  illus- 
trations of 
compound 
wheel-work  ? 
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Fig.  63. 


Fig.  64. 


the  one  from  which  it  receives  its  motion,  the  band  is  attached  as  in 

Fig-  63 »  but,  when  it  is  to  re- 
volve in  a  contrary  direction, 
the  band  is  crossed,  as  in  Fig. 
64. 

In  many  wheels,  power  is 
communicated  by  means  of  a 

weight  applied  to  the  circumference. 

In  most  water-wheels,  power  is  obtained  by  the  action  of  water 

applied  to  the  circumference  of  the  wheel,  which  is  caused  to  revolve, 

either    through   the   weight  or  pressure  of  the  water,   or  by  both 

conjointly. 

191.  The  Pulley  is  a  small  wheel  fixed  in  a  block, 
and  turning  on  an  axis  by  means  of  a  cord  what  is  a 
which  runs  in  a  groove  formed  on  the  edge  p**"«y^ 

of  the  wheel. 

This  simple  machine  is  represented  in  Fig.  65. 

192.  Pulleys  are  of  two   kinds, — fixed  How  many 

.  .  .  kinds  of  pul- 

and  movable.  leys  are 

193.  By  a   fixed   pulley   we   mean   one  ****'*' 
that  merely  revolves  on  its  axis,  but  does  what  is  a 
not  change  its  place.  *^**^  p""*^  ^ 

Fig.  65  is  an  illustration  of  a  fixed  pulley.     A  small  wheel  turns 

upon  its  axis,  around  which  a  cord 

,      .  ^  J     ^i       Describe  the 

passes,    having    at    one    end    the    working  and 

power  P,  and  at  the  other  the  re-  advantage  of 
sistance  or  weight  W.  It  is  evi-  the  fixed 
dent,  that,  by  pulling  the  cord  at 
P,  the  weight  W  must  ascend  as  much  and  as 
fast  as  the  cord  is  drawn  down.  As,  there- 
fore, the  power  and  the  weight  move  with  the 
same  velocity,  it  is  clear  that  they  balance  one 
another,  and  that  no  mechanical  advantage  is 
gained. 

In    all   the  applications  of   power,  there  are  p,c^  ^. 

always  some  directions  in  which  it  may  be  ex- 
erted to  greater  advantage  and  convenience  than  others;   and   in 


NATURAL    PHILOSOPHY. 


many  cases  the  power  is  capable  of   acting  in  only  one  particular 
Any   arrajigement    of    machinery,   therefore, 


enable  ua  to  render  powei 
advantageous  direction,  is  as 


available,  by  applyii^  it  in  the  most 
convenient  and  valuable  as  one  which 
enables  a  small  power  to  balance  or 
overcome  a  great  weight.  Thus,  if 
we  wish  to  apply  the  strength  of  a 
horse  to  lift  a  heavy  weight  to  the 
lop  of  a  building,  we  should  End  it  a 
difficult  matter  to  accomplish  directly, 
since  the  horse  exerts  his  strength 
mainly,  and  to  the  best  advantage,  in 
drawing  horizontally  j  but  by  changing 
the  direction  of  the  power  of  the  horse, 
by  an  arrangement  of  fixed  pulleys, 
p      „  as  is  represented  in  Fig.  66,  the  weight 

is  lifted  most  readily,  and  the  horse 
exerts  his  power  to  ihe  best  advantage. 

194.  A  fixed  pulley  is  most  useful  for  changing  the  direction  of 
What  are  P°wer,  and  for  applying  power  advantageously.  By  it  a 
ramlliat  '"^"  standing  on  the  ground  can  raise  a  weight  to  the 
■pplicatloni  top  of  a  building.  A  curtain,  a 
□iflnd  (j^g^  g|.  2  jjj]  (.jjj  j^  readily  raised 

to  an  elevation  by  a  fixed  pulley, 
without  ascending  with  It,  by  drawing  down  a 
cord  running  over  the  pulley. 

195.  A  Movable  Pallay  differs  from 

.  a  fixed  pulley  in  being  at- 

■novBbiapui-  tached  to   the  weight:   it 
*''  therefore   rises   and   falls 

with  the  weight. 

Fig.  67  represents  a  movable  pulley.    In  this 
case  a  weight  of  twelve  pounds  can  be  raised  * 

by  a  power  of  six  pounds   applied   at   P,  be-  '    '' 

cause  one-half  the  weight  is  supported  at  the  point  F.  But  the 
cord  at  P  must  move  through  two  feet  to  raise  the  weight  W  one 
foot 

When  Btill  greater  power  is  required,  pulleys  are  compounded  into 
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a  system  containing  two  or  more  single  pulleys,  called  Bhckt;  and 

these  again  are  combined  in  a  compound  sys- 
tem of  fixed  and  movable  pulleys. 

196.  With  the  system  of  pulleys  represented 
in  Fig.  6S,  the  power  applied  at  P  will  sustain 
six  limes  its  own  weight.  In  this  we  have  six 
cords,  one  employed  in  sustaining  the  power 
P,  and  the  others  sustaining  the  weight. 

197.  In  all  these  arrangements  of  pulleys, 
the  increase  of  power  has  been 

gained    at    the  expense  of  lime;    """inj^sT 
and  the  space  passed  over  by  the    the  Hpcnse 
power  must  be  double  the  space    ■>!  time  in  ■ 
passed  over  by  the  weight,  multi-    'y™™  °' 
plied  by  the  number  of  pulleys. 
That  is,  in  the  case  of  the  single  pulley,  the 


powi 


:  the 


feet 
weigh 


one  foot;  and  with 
three  movable  put- 
leys,  as  in  Fig.  63, 
ihe  power  ra 


X  feet  H 


e  the 


weight  one  foot. 

Instead  of  fold- 
ing the  string  on 
the  pulleys   entire, 

doubled  into  sep- 
arate portions,  each 
pulley  hanging  by 
a  separate  cord, 
one  end  of  which  is  attached  to  a  tixed 
Fi^.  69.  support     Here  a  very  great  mechanical 

advantage  is  gained,  attended,  however, 
with  a  corresponding  loss  of  time.  In  an  arrangement  of  such  a  char- 
acter, represented  in  Fig,  69,  the  weight  q  is  supported  by  the  two  parts 
of  the  cord  passing  round  the  movable  pulley  i  d ;  and,  as  each  of  these 
parts  is  equally  stretched,  Ihe  tixed  support  will  sustain  one-half  the 


Fic.  6«. 
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weight,  and  the  next  pulley  in  order  above  b  </,  namely  ef^  may  be  con- 
sidered as  sustaining  the  other  half.  But  the  two  parts  of  the  string 
which  support  the  pulley  ef^  again  divide  the  weight ;  so  that  the  pul- 
ley g  hy  which  is  attached  to  one  of  them,  only  sustains  one-quarter  of 
the  first  weight,  q.  The  string  which  passes  around  g  k  again  divides 
this  weight,  so  that  each  part  of  it  sustains  only  one-eighth  of  q.  The 
fixed  pulley  serves  merely  to  change  the  direction  of-  the  motion.  In 
this  system,  therefore,  a  power  of  one  will  balance  a  weight  of  eight. 

198.  In  general,  the  advantage  gained  by  pulleys 
How  ma  ^^  found  by  multiplying  the  number  of 
the  advan-  movable  pulleys  by  two,  or  by  multiplying 
by  pulleys  be  the  power  by  the  number  of  folds  in  the 
asce  aine  xo^^  which  sustaius  the  weight,  where  one 
rope  runs  through  the  whole. 

Thus  a  weight  of  seventy-two  pounds  may  be  balanced  by  four 
movable  pulleys  by  a  weight  or  power  of  nine  pounds;  with  two 
pulleys,  by  a  power  of  eighteen  pounds ;  with  one  movable  pulley,  by 
a  power  of  thirty-six  pounds. 

These  rules  apply  only  to  movable  pulleys  in  the  same  block,  when 
the  parts  of  the  rope  which  sustain  the  weight  are  parallel  to  each. 
The  mechanical  advantage  which  the  pulley  appears  to  possess  in 
theory  is  considerably  diminished  in  practice,  owing  to  the  stiffness  of 
the  ropes,  and  the  friction  of  the  ropes  and  wheels.  From  these  causes 
it  is  estimated  that  two-thirds  of  the  power  is  lost.  When  the  parts 
of  the  cord  are  not  parallel  the  strength  of  the  pulley  is  very  greatly 
diminished. 

199.  Fixed  and  movable  pulleys  are  arranged  in  a  great  variety  of 

forms,  but  the  principle  upon  which  all  are  constructed 
What  are  r         r        r 

cranes  and  ^^  ^^  same.  What  is  called  a  "  tackle  and  fall,"  or 
derricks,  "  block  and  tackle,"  is  nothing  but   a  pulley.     Cranes 

tackle  and        ^nd  derricks  are  pieces  of  mechanism  usually  consisting 

of  combinations  of  toothed  wheels  and  pulleys,  by  means 
of  which  materials  are  lifted  to  different  elevations,  —  as  goods  from 
vessels  to  the  wharves,  building-materials  from  the  ground  to  the 
stage  where  the  builders  are  engaged,  and  for  similar  purposes.  One 
of  the  most  simple  forms  of  movable  cranes  is  represented  in  Fig.  70. 
It  consists  of  a  strong  triangular  ladder,  at  the  top  of  which  is  a  fixed 
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pulley,  P,  over  which  the  rope  attached  to  the  object  to  be  elevated 

passes,  and  is  carried  down  to  the  cylindrical  axle,  T,  upon  which  it  is 

wound  by  means  of  bare  inserted 

in  holes,   or  by  a  crank.    This 

ladder  is  inclined  more  or  less 

from    the    upright    position    by 

means  oE  a  rope,  C   D,  which  is 

attached  to  some  lixed  point  at  a 

distance. 

200-  The  Inclined  Plane 
consists    of    a  wh«  i>  >d 
hard     plane  piue? 
surface,    inclined    at    an 
angle. 

In  Fig.  71,  R  S  T  represents 
an  inclined  plane. 

201.  If  we  attempt,  for  in- 
stance, to  raise  a  ,„„„„,e  ,he 
cask  or  any  other  u«e  of  an  in- 
heavy  body  into  a  tlined  p1»ne. 
wagon,  we  may  find  that  our 
strength  is  unequal  to  lifting  it 
directly,  while  to  haul  it  up  by 
pulleys  would  be  very  inconven- 
ient, if  not  impossible.  We  may,  „ 
however,  accomplish   our  object 

with  comparative  ease  by  rolling  the  cask  up  an  inclined  plank,  and 
exerting  our  force  in  a  direction  parallel  to  the  inclined  surface  of 
the  plank. 

The  plank,  in  this  instance,  forms  an  inclined  plane;  and  we  gain 
a  mechanical  advantage,  because  it  supports  a  part  of 
the  weight. 

If  we  place  a  body  upon  a  horizontal  plane  or  sur-   ehuntciil  ad- 
face,  It  is  evident  that  the  surface  will  support  its  whole    vantage  (ram 
weight;  if  we  incline  the  surface  a  little,  it  will  support    *° '°  j 
less  of  the  weight;  and,  as  we  elevate  it  more,  il  will 
continue  to  support  less  and  less,  until  the  surface  becomes  perpen- 
dicular, in  which  case  no  support  writl  be  aSorded. 


io8 
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202.  The  advantage  gained  by  the  use  of  the  inclined  plane  may  be 
estimated  by  the  following  rule :  — 

The  power  is  to  the  weight  as  the  perpendicular 
How  can  we   height  of  the  plane  is  to  its  length. 

advantage  From  this  it  will  appear,  that  the  less  the  height  of 

gained  by  the    the  inclined  plane,  and  the  greater  its  length,  the  greater 

use  of  the  in-    ^jjj  \^  ^j^g  mechanical  advantage.     Thus,  in  Fig.  71,  if 
ciined  plane?      ,        ,         ^  r^  ^  ,  ,,.,      ^  rJ 

the  plane  R  S  be  twice  as  long  as  the  height  S  T,  one 

pound  at  P,  acting  over  the  pulley,  would  balance  two  pounds  any- 


FlG.  71. 

where  between  R  and  S.  If  the  plane  R  S  were  three  times  the 
length  of  S  T,  then  one  pound  at  P  would  balance  three  pounds  any- 
where on  the  plane  R  S ;  and  so  of  all  other  quantities  and  propor- 
tions. 

203    Roads  which   are   not   level  may  be   considered  as   inclined 

planes,  and  the  inclination  of  a  road  is  estimated  by  the 
How  do  we 
estimate  the     height   which   corresponds   to   some    proposed    length. 

inclination  Thus  we  say  a  road  rises  one  foot  in  twenty,  or  one  in 
of  roads  ?  gj^^ .  meaning,  that,  if  twenty  or  fifty  feet  of  the  road  be 

taken  as  the  length  of  an  inclined  plane,  the  corresponding  height  of 
such  a  plane  would  be  one  foot,  and  the  difference  of  level  between 
the  two  extremities  of  such  a  length  of  road  would  be  one  foot ' 
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According  to  this  method  of  estimating  the  inclination  of  roads, 
the  power  required  to  sustain  or  draw  up  a  load,  fric-  How  ouBhi 
tion  not  considered,  is  always  proportioned  to  the  rate  rondiiabc 
of  elevation.  On  a  level  road,  the  carriage  moves  when  eooMnwled  ? 
the  horse  eierts  a  strength  sufficient  to  overcome  the  friction  and 
resistance  of  the  atmosphere ;  but  in  going  up  a  hill,  where  the  road 
rises  one  foot  in  twenty,  the  horse,  beside  these  impediments,  is 
obliged  to  exert  an  extra  force  in  the  proportion  of  one  to  twenty, 
or,  in  other  words,  he  is  obliged  to  lift  one-twentieth  of  the  load. 
It  is,  therefore,  bad  policy  ever  to  construct  a  road  directly  over  the 
summit  of  a  hill,  when  it  can  be  avoided;  because,  in  addition  to 
the  force  necessary  to  overcome  the  friction  in  drawing  a,  heavy 
load  up  the  steep  incline,  we  must  add  additional  force  to  overcome 
the  gravity,  which  acts  parallel  with  the  inclined  plane  of  (he  road, 
and  tends  constantly  to  make  the  load  roll  back  to  the  bottom  of 
the  slope.  The  force  increases  most  rapidly  with  the  steepness, 
and  consequently  requires  an  immense  eipenditure  of  power.  An 
equal  power  expended  on  a  road  gently  winding  round  the  hill, 
with  an  increase  of  speed,  would  gain  the  same  elevation  in  much  less 

Our  common  stairs  are  inclined  planes,  the  steps  being  merely  for 
the  purpose  of  obtaining  a  good  foot-hold. 

204-  In  the  inclined  plane,  as  in  all  other  simple  machines,  a  gain 
in  power  is  attended  with  a  corresponding  loss  of  time.  How  ii  pow- 
A  body,  in  ascending  an  inclined  plane,  has  a  greater  er  galnsd  at 
space  to  pass  over  than  if  it  should  rise  perpendicularly.  Jv^,"''^" 
The  time,  therefore,  of  its  ascent  will  be  greater;  and  it  ,],g  inclined 
will  thus  oppose  less  resistance,  and  consequently  re-  plane? 
quire  less  power. 

205.  The  Wsdge  is   a   movable  in- 
clined  plane.     It    is    also   wii«tiia 
defined  to  be  two  inclined  ""<>■=' 
planes    united    at    their    bases,    as  . 
A  B,  Fig.  72. 

In  the  inclined  plane,  the  weight  moves  up- 
on the  plane,  which  remains  stationary;  but,  in  ^"^'  ''' 
the  wedge,  the  plane  itself  is  moved  under  the  weight. 
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206.  The  cases  in  which  wedges  are  most  generally  used  in  the 
arts  are  those  in  which  an  intense  force  is  required  to 
cases  are  ^^  exerted  through  a  very  small  space.     It  is  therefore 

wedges  used  used  for  splitting  masses  of  wood  or  stone,  for  blocking 
in  the  arts  ?  ^p  buildings,  raising  vessels  in  docks,  and  pressing  out 
the  oil  from  seeds.  In  this  last  instance  the  seeds  are  placed  in  bags, 
between  two  surfaces  of  hard  wood,  which  are  pressed  together  by 
wedges. 

u  nwhat  ^^7*  ^^^  uscfulncss  of  the  wedge  de- 
does  the  pends  on  friction  ;  for,  if  there  were  no 
the  wedge  friction,  the  wedge  would  fly  back  after 
depend?  ^^^j^  stroke  of  the  driving  force. 

208.  The  power  of  the  wedge  increases  as  the 
How  does  .  length  of  its  back,  compared  with  that  of 
thew^ge^^  its  sidcs,  is  diminished.  Hence  it  follows 
increase?  that  the  powcr  of  the  wedge  is  in  propor- 
tion to  its  sharpness. 

The  power  commonly  used  in  the  case  of  the  wedge  is  not  pressure, 
but  percussion.  Its  edge  being  inserted  into  a  fissure,  the  wedge  is 
driven  in  by  blows  upon  its  back.  The  tremor  produced  when  the 
wedge  is  struck  with  a  violent  blow  causes  it  to  insinuate  itself  much 
more  rapidly  than  it  otherwise  would. 

209.  The  edges  of  all  cutting  and  piercing  instruments,  such  as 
What  are  fa-  l^^^ives,  razors,  chisels,  nails,  pins,  &c.,  are  wedges.  The 
miliar  exam-  angle  of  the  wedge  in  all  these  cases  is  more  or  less 
pies  of  the  acute,  according  to  the  purpose  to  which  it  is  applied, 
cation  of  the  Chisels  intended  to  cut  wood  have  their  edges  at  an 
wedge  in  the  angle  of  about  30°  ;  for  cutting  iron,  from  50°  to  60P ; 
^^^  ^  and,  for  brass,  about  So*'  to  90°.     In  general,  tools  which 

are  urged  by  pressure  admit  of  being  sharper  than  those  which  are 
driven  by  percussion.  The  softer  or  more  yielding  the  substance  to 
be  divided  is,  the  more  acute  the  wedge  may  be  constructed. 

What  is  the  2  ID.  The  Scpow  is  an  inclined  plane 
screw?  winding  round  a  cylinder. 

This  may  be  illustrated  by  cutting  a  strip  of  paper  in  such  a  way  as 
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to  rapresent  an  inclined  plane,  and  then  winding  it  round  a  cylinder, 
or  common  lead-pencil,  as  is  represented  in  Fig.  73. 

21 1.  The  edge  of  the  inclined  plane  winding  about 
the  cylinder,  or  the  ^^  ,,  ^ 
coil  of  the  spiral  line  «h««d  or  > 
which   it   describes 
upon  the  cylinder,  constitutes 

the  Thread  of  the  screw ;  and    ^ — 

the  distance  between  the  sue-  _,  I 

cessive  coils  is  called  the  rf/s- 
ianco  beiweeit  the  threads. 


The  screw  is  represented  in  Fig.  74. 

The  screw  is  not  applied  directly  to  the  resistance  to  be  overcome. 
as  in  the  case  of  the  inclined  plane  and  wedge ;  but  the  power  is  tranS' 
mitted  by  means  of  what  is  called  ihe  Mut 

212.  The  ffut  of  a  screw  is  a  block,  with  a  cylin- 
drical  cavity,  having  a  spiral  groove  cut 
round  upon  the  surface  of  this  cavity,  cor-  nutoi  ■ 
responding  with  the  thread  of  the  screw.   """ 
A  section  of  the  nut  is  shown  in  Fig.  75. 

In  this  groove  the  thread  of  the  screw  will  move  by  causing  the 
screw  to  rotate.  Each  (urn  of  the  screw  in  the  nut  will  cause  it  to 
advance  or  recede  a  distance  just  equal  lo  the  interval  between  the 


112  NATURAL  PHILOSOPHY. 

la  the  icrew  Generally  the  nu(  is  stationary,  and  the  screw  mova- 

o[  the  nut,        ble;  but  the  nut  may  be  movable,  and  the  screw  sta- 
inov«ble?         lionary. 

213.  Power  )6  commonly  applied  to  the  screw  by  means  of  a  lever. 
How  ii  pow.  either  attached  to  the  nut  or  to  the  head  of  the  screw, 
er  applied  to  as  seen  in  Fig.  76.  By  varying  the  length  of  this,  the 
'  power  may  be  indefinitely  increased  at  the  point  of 
resistance.  The  screw,  therefore,  acts  with  the  combined  power  of 
the  lever  and  the  inclined  plane- 
Thus,  in  Fig.  76,  N  is  the  lever,  B  the  nut,  A  the  screw,  and  E  the 

block  upon  which  the  substance  to  be  pressed  is  placed.  As  in  all  the 
other  simple  machines,  the  ad- 
vantage in  this  is  estimated  by 
the  relative  distances  passed 
over  by  the  power  and  the 
weight.  If  the  distance  of  the 
spiral  threads  of  the  screw  is 
one  inch,  and  the  handle  of  the 
screw,  that  is,  the  lever,  is  two 
feet  in  length,  then  the  extrem- 
ity of  the  lever  will  describe  a 
circle  of  over  twelve  feet  in 
turning  once  round,  but  the 
screw  will  only  advance  one 
inch.  The  ratio  between  the 
power  and  the  weight  will  be, 
therefore,  as  one  inch  to  twelve 
_feel,  or  as  1  to  144.  Conse- 
Fic.  jf,_  quently,  if  a  man  is  capable  of 

exerting  a  force  of  sixty  pounds 
at  the  end  of  the  lever,  the  screw  will  advance  with  a  force  of  8,640 
pounds.  If  the  distance  of  the  threads  had  been  one-half  an  inch, 
the  power  exerted  by  Che  screw  would  have  been  doubled.  In  this 
illustration  friction  has  not  been  taken  into  account ;  this  will  diminish 
the  total  effect  nearly  one-fourth. 

214.  The  advantage  by  the  screw  is  in  proportion 
How  ii  the  ^^  *he  circumference  of  the  circle  described 
■^"""'J!'  by  the  power  (that  is,  by  the  handle  of  the 
■creweati-  levcf)  cxcceds  the  distance  between  the 
""*  threads  of  the  screw. 
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Hence  the  enormous  mechanical  force  exerted  by  the  screw  is  ren- 
ifered  evident.  There  is  no  limit  to  the  smallness  of  the  distance 
between  the  threads,  except  the  strength  it  is  necessary  to  give  them ; 
and  there  is  no  limit  to  the  magnitude  of  the  circumference  to  be 
described  by  the  power,  except  the  necessary  facility  for  moving  it. 

215.  The  screw  is  generally  used  where  great  pressure  is  to  be 
exerted  through  small  spaces :  hence  its  application  in    ^jj^^  ^^ 
presses  of  all  kinds,  for  extracting  the  juices  of  seeds    familiar 

and  fruits,  in  compressing  cotton,  hay,  &c.,  as  also  for   appHcationa 

1  1  .  ofthescrew? 

commg  and  punchmg. 

216.  The  efficacy  of  a  screw  increases  with  the  fineness  of  the 
thread ;  but  a  practical  limit  is  soon  attained,  for,  if  the  thread  be 
made  too  fine,  it  will  become  weak,  and  be  liable  to  be  torn  oflf. 

217.  The  most  serious  obstacle  to  the  what  pro- 
perfection  of  machinery  is  friction  ;  and  it  ^w«>°n 
is  usually  considered  to  destroy  one-third  [^*^t^ 
of  the  power  of  a  machine.  friction? 

2x8.  Friction  is  of  two  kinds  :  sliding  and  rolling. 
Sliding  friction  is  produced  by  the  sliding  how  many 
or  dragging  of  one  surface  over  another ;  ^^fo^/^re 
rolling  friction  is  caused  by  the  rolling  of  there? 
a  circular  body  upon  the  surface  of  another. 

Friction  increases  as  the  weight  or  pressure  increases,  as  the  sur- 
faces in  contact  are  more  extensive,  and  as  the  rough-    ^^^  ^^^ 
ness  of  the  surfaces  increases.     With  surfaces  of  the    friction 
same  material,  friction  is  nearly  proportional  to   the   »°c>^«»»«? 
pressure. 

Friction  diminishes  as  the  weight  or  pressure  is  less,  as  the  polish 
or  smoothness  of  the  moving  surfaces  is  more  perfect,    hq^  ^q^ 
and  as  the  surfaces  in  contact  are  smaller.    It  may  also   friction 
be  diminished  by  applying  to  the  surfaces  some  unguent,    ^^i^^******  ^ 
or  greasy  material :  oils,  tallow,  black  lead,  &c.,  are  commonly  used 
for  this  purpose ;  they  diminish  friction  by  filling  up  the  minute  cavi- 
ties, and  smoothing  the  irregularities  that  exist  upon  the  surface.* 

*  All  bodies,  however  much  they  may  be  poli$hed,  appear  rough  and  uneven  when 
examined  with  a  microscope. 


114  NATURAL    PHILOSOPHY. 

Oils  are  the  best  adapted  for  diminishing  the  friction  of  metals,  and 
tallow  the  friction  of  wood. 

219.  Friction,  although  an  obstacle  in  the  working  of  machinery 
What  are  the  generally,  is  not  without  some  advantages.  Without 
advantages  friction  the  stones  and  bricks  used  in  building  would 
of  friction  ?      ^^^j  ^q  fj^jj  apart  from  one  another.     When  nails  and 

screws  are  driven  into  bodies,  with  a  view  of  holding  them  together,  it 
is  friction  alone  that  maintains  them  in  their  places.  The  strength  of 
cordage  depends  on  the  friction  of  the  short  fibers  of  the  cotton,  flax, 
or  hemp,  of  which  it  is  composed,  which  prevents  them  from  untwist- 
ing. In  walking,  we  are  dependent  on  friction  for  our  foothold  upon 
the  ground :  the  difficulty  of  walking  upon  smooth  ice  illustrates  this 
most  clearly.  Without  friction  we  could  not  hold  any  body  in  the 
hand :  the  difficulty  of  holding  a  lump  of  ice  is  an  example  of  this. 
Without  friction  the  locomotive  could  not  propel  its  load ;  for,  if  the 
tire  of  the  driving-wheel  and  the  rail  were  both  perfectly  smooth,  one 
would  slip  upon  the  other  without  affording  the  requisite  adhesion. 
How  does  220.  Experiments  seem  to  show  that  the  friction  of 

friction  two  surfaces  of  the  same  substance  is  generally  greater 

between  the     ^j^^^^  ^j^^  friction  of  two  unlike  substances.    The  friction 

same  ana 

different  ^^  polished  steel  against  polished  steel  is  greater  than 

substances       that  of  polished  steel  upon  copper,  or  on  brass.    So  of 

compare  ?         wood  and  various  other  metals. 

221.  All  machines,  however  complicated,  are  made  up  of  combina- 
tions of  the  six  simple  machines.  If  we  examine  the  construction  of 
any  complex  machine,  as  a  steam-engine,  a  loom,  a  spinning-machine, 
or  a  timepiece,  we  shall  find  that  they  are  composed  of  simple  levers, 
wheels  and  axles,  screws,  &c.,  connected  together  in  an  endless  variety 
of  forms,  to  form  a  complete  whole. 

In  the  practical  application  of  machinery,  it  rarely  or  never  happens 

J    .  that  the  moving  force  is  capable  of  producing  directly 

log  force  in       ^he  particular  kind  of  motion  required  by  the  machine  to 

machinery        perform  the  work  to  which  it  is  adapted.    Expedients 

applied  ^^^^  therefore  be  resorted  to,  by  means  of  which  the 

directly  ?  '' 

motions  which  the  moving  power  is  capable  of  exerting 

directly  can  be  converted  into  those  which  are  necessary  for  the  pur- 
poses to  which  the  machine  is  applied. 

"°^  "1*°^         222.  The  varieties  of  motion  which  oc- 

kinds  of  mo- 
tion are  con-    cur   in   machinery   are   divided   into    two 

madMn^  ?    classes,  viz.,  Rotap/  and  Reciilinear  Motion. 
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223.  In   rotary  motion,  the  several  parts  revolve 
round  an  axis,  each  performing  a  complete  what  u 
circle,  or  similar  parts  of  a  circle,  in  the  motion  ? 
same  time. 

224.  In  rectilinear  motion,  the   several  ^"M* 

^^  rectilinear 

parts  of  a  moving  body  proceed  in  parallel  motion? 
straight  lines  with  the  same  speed. 

Examples  of  rotary  motion  are  seen  in  all  kinds  of  wheel-work; 
and  examples  of  rectilinear  motion  in  the  rod  of  a  common  pump,  the 
piston  of  a  steam-engine,  the  motion  of  a  straight  saw. 

In  rotary  and  rectilinear  motion,  if  the  parts  move  constantly  in 
the  same  direction,  the  motion  is  called  continued  ro- 
tary or  continued  rectilinear  motion.     If  the  parts  move    ^*>**  is  re- 
altemately  backward  and  forward  in  opposite  directions,    motion  T 
passing  over  the  same  spaces  from  end  to  end  coih 
tinually,  the  motion  is  called  reciprocating  motion. 

225.  The  method  by  which  a  power  having  one  of  these  motions 
may  be  made  to  communicate  the  same  or  a  different 
kind  of  motion  involves  a  lengthy  description  of  a  great       ♦  ^  *"  |i 
variety  of  machinery ;  but  the  most  simple  and  common   reciprocating 
plan  of  converting  rotary  motion  into  rectilinear,  and    motion  con- 
rectilinear  motion  back  again  into  rotary,  is  by  means   ^^  other  ? 
of  what  is  called  a  crank, 

226.  The  Crank  is  a  double  winch,  or  handle,'  and 
is    formed    by  bending  what  is  a 
an   axle   so   as   to  form  c"^^? 
four  right  angles,  facing  in  oppo- 
site directions. 


It  is  represented  complete  in  Fig.  77.  At- 
tached to  the  middle  of  C  D,  by  a  joint,  G, 
is  a  rod,  H,  which  is  the  means  of  impart- 
ing power  to  the  crank.  This  rod  is  driven  by  an  alternate  motion, 
like  the  brake  of  a  pump.  The  bar  C  15  is  turned  with  a  circular 
motion  round  the  axle  A  F.* 

•  The  terms  "axis,"  "  axle,"  "arbor,"  and  "•haft,**  in  mechanics,  are  generally 
understood  to  mean  the  bar,  or  rod,  which  passes  through  the  center  of  a  wheel. 
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The  disadvantage  attending  the  use  of  the  crank  is»  that  it   is 

What  disad-    incapable  of  transmitting  a  con. 


No.  1. 


vantages  at- 
tend the  use 
of  the  crank  ? 


No.  9. 


stant  force    to    the    resistance. 

This  is  illustrated   in    Fig.  78. 

In  No.  I,  where  the  arm  of 
the  crank  is  horizontal,  the  power  from  the 
rod  acts  with  the  greatest  advantage,  as  at  the 
extremity  of  a  lever.  But  when  the  rod  which 
communicates  motion  stands  perpendicular 
with  the  arm  of  the  crank,  as  in  No.  2,  which 
is  the  case  twice  during  every  revolution,  the 
power,  however  great,  can  exert  no  effect 
upon  the  resistance,  the  whole  force  being 
expended  in  producing  pressure  upon  the  axle 
and  pivots  of  the  crank.  Such  a  situation  of 
the  rod  and  the  arm  of  the  crank  is  called 
the  dead  point ;  and  when  the  machinery  stops, 
as  is  often  the  case,  it  is  said  to  be  "set," 
p,Q     g  or  "caught  on  its  center."    The  difficulty  is 

generally  overcome  by  the  employment  of  a 
fly-wheel  (§  20),  which,  by  its  inertia,  keeps  up  the  motion. 


Practical  Problems  in  Mechanics. 

X.  What  must  be  the  horse-power  of  a  locomotive-engine  which  moves  at  the  con- 
stant speed  of  25  miles  per  hour,  on  a  level  track,  the  weight  of  the  train  being  90 
tons,  and  the  resistance  from  friction  being  equal  to  480  pounds  ? 

2.  If  a  lever  12  feet  long  have  its  fulcrum  4  feet  from  the  weight  at  one  end,  and 
this  weight  be  12  pounds,  what  power  at  the  other  end  will  balance  ? 

3.  In  a  lever  of  the  first  class,  a  power  of  20  at  one  end  balances  a  weight  of  100 
at  the  other  :  what  is  the  comparative  length  of  the  two  arms  ? 

4.  In  a  lever  of  the  first  class,  6  feet  in  length,  the  power  is  75,  and  the  weight  130 
pounds  :  where  must  the  fulcrum  be  placed  in  order  that  the  two  may  balance  ? 

5.  Two  persons  carry  a  weight  of  200  pounds  suspended  from  a  pole  10  feet  long  ; 
one  of  them,  being  weak,  can  cany  only  75  pounds,  leaving  the  rest  of  the  load  to  be 
carried  by  the  other  :  how  far  from  the  end  of  the  pole  must  the  weight  be  suspended  ? 

6.  A  lever  of  the  second  class  is  21  feet  long  :  at  what  distance  from  the  fulcrum 
must  a  weight  of  80  pounds  \x  placed  in  order  that  it  may  be  sustained  by  a  power  of 
60  pounds  ? 

7.  In  a  lever  of  the  third  class,  8  feet  long,  what  power  will  be  required  to  balance 
a  weight  of  100  pounds,  the  power  being  applied  at  a  distance  of  a  feet  from  the 
fulcrum  ? 

8.  A  power  of  5  pounds  is  required  to  lift  a  weight  of  20  by  means  of  the  wheel 
and  axle  :  what  must  be  the  proportionate  radii  of  the  wheel  and  axle? 
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g.  A  power  of  60  acts  on  a  wheel  8  feet  in  radius :  what  weight  suspended  from 
a  rope  winding  round  an  axle  10  inches  in  radius  will  balance  this  power  ? 

zo.  In  a  set  of  cog-wheels  the  radii  of  wheel  and  axle  are,  first,  7  and  2  ;  second, 
8  and  z  ;  third,  9  and  x  :  a  power  of  25  being  applied  at  the  circumference  of  the  first 
wheel,  what  weight  will  be  sustained  at  the  axle  of  the  third  ? 

iz.  What  weight  will  a  power  of  3  sustain  with  a  system  of  4  movable  pulleys, 
one  cord  passing  round  all  of  (hem  ? 

Z3.  Suppose  a  power  of  100  pounds  applied  to  a  set  of  2  movable  pullejrs,  what 
weight  will  it  sustain,  allowing  a  deduction  of  two-thirds  for  friction  ? 

13.  If  a  man  is  able  to  draw  a  weight  of  200  pounds  up  a  perpendicular  wall  10 
feet  high,  how  much  will  he  be  able  to  draw  up  a  plank  40  feet  long,  sloping  from  the 
top  of  the  wall  to  the  ground,  no  allowance  being  made  for  friction  ? 

Solution.  —  In  this  the  height  (10)  is  to  the  length  (40)  as  the  weight  (200)  is  to 
the  required  weight. 

14.  If  a  man  has  just  strength  enough  to  lift  a  cask  weighing  196  pounds,  perpen> 
dicularly  into  a  wagon  3  feet  high,  what  weight  could  he  raise  by  means  of  a  plank  10 
feet  long,  with  one  end  resting  upon  the  wagon,  and  the  other  on  the  ground  ? 

15.  The  length  of  a  plane  is  12  feet,  the  height  is  4  feet :  what  is  the  proportion 
of  the  power  to  the  weight  to  be  raised  ? 

16.  The  dbtance  between  the  threads  of  a  screw  being  half  an  inch,  and  the  dr- 
cumference  described  by  the  power  10  feet,  what  proportion  will  exist  between  the 
power  and  the  weight  ? 

Solution.  —  The  power  will  be  to  the  weight  as  half  an  inch,  the  distance  between 
the  threads,  is  to  zo  feet  (240  half-inches) ,  the  circumference  described  by  the  power, 
=  z  to  240. 

vj.  A  power  of  20  pounds  acting  at  the  end  of  a  lever  attached  to  a  screw  describes 
a  circle  of  zoo  inches  :  what  resistance  will  the  power  overcome,  the  distance  between 
the  threads  of  the  screw  being  a  inches  ? 


CHAPTER   VII. 

HYDROSTATICS. 

227.  H/drostat/cs  is  that  department  of  physical 
science  which  treats  of  the  weight,  pres- 
cience of  hy-  sure,  and  equilibrium  of  water*  and  other 

drostatics?       1.       .  ,        ^         , 

hquids  at  rest. 

228.  Liquids   have  but  a  slight  degree 
compressible   of  comprcssibility  and  elasticity,  as  com- 

and  elastic?  ,       .^,       ^,         .,      ■,. 

pared  with  other  bodies. 

229.  The  elasticity  of  water  may  be  shown  in  various  ways.     When 

„,.   ^  a  flat  stone  is  thrown  so  as  to  strike   the  surface  of 

What  are  ,      ,      .  „  ,.  ,  ,      . 

illustrations     water  nearly   horizontally,  or  at  a  slight  angle,  it  re- 

of  the  elasti-  bounds  with  considerable  force  and  frequency.  Water 
city  of  water?  ^^^^  dashed  against  a  hard  surface  shows  its  elasticity 
by  flying  off  in  drops  in  angular  directions.  Another  familiar  example 
of  the  elasticity  of  water  is  observed  when  we  attempt  to  separate  a 

*  Water  b  a  fluid  composed  of  oxygen  and  hydrogen,  in  the  proportion  of  eight  parts 
of  oxygen  to  one  of  hydrogen.  It  is  one  of  the  most  abundant  of  all  substances,  oonsti- 
tuting  three-fourths  of  the  weight  of  living  animals  and  plants,  and  covering  about 
three-fifths  of  the  earth's  surface,  in  the  form  of  oceans,  seas,  lakes,  and  rivers. 

In  the  northern  hemisphere  the  proportion  of  land  to  water  is  as  419  to  x,ooo ; 
while  in  the  southern  hemisphere  it  is  as  129  to  1,000.  The  maximum  depth  of  the 
ocean  has  never  been  ascertained.  Soundings  were  obtained  in  the  South  Atlantic  in 
1853,  between  Rio  Janeiro  and  the  Cape  of  Good  Hope,  to  the  depth  of  48,000  feet,  or 
about  nine  miles.  Other  soundings,  made  during  the  recent  United-States  survey  of 
the  Gulf  Stream,  extended  to  the  depth  of  34,200  feet  without  finding  bottom.  The 
average  depth  of  the  ocean  has  been  estimated  at  about  2,000  fathoms. 

Notwithstanding  this  apparent  immensity  of  the  ocean,  yet,  compared  with  the 
whole  bulk  of  the  earth,  it  is  a  mere  film  upon  its  surface  ;  and,  if  its  depth  were  repre- 
sented on  an  ordinary  globe,  it  would  hardly  exceed  the  coating  of  varnish  placed 
there  by  the  manufacturer. 

The  source  of  all  our  terrestrial  waters  is  the  ocean.  By  the  action  of  evaporation 
upon  its  surface,  a  portion  of  its  water  is  constantly  rising  into  the  atmosphere  in  the 
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drop  of  water  attached  to  some  surface  for  which  it  has  a  strong 
attraction.  The  drop  will  elongate,  or  allow  itself  to  be  drawn  out  to 
a  considerable  degree,  before  the  cohesion  of  its  constituent  particles 
is  wholly  overcome ;  and  if  the  separating  force  is  at  any  time  relaxed 
or  discontinued,  the  elasticity  of  the  water  will  restore  the  drop  to 
very  nearly  its  original  form  and  position.  Mercury  is  much  more 
elastic  than  water,  and  rebounds  from  a  reflecting  surface  with  con- 
siderable velocity  and  violence.  The  exercise  of  both  the  elastic  and 
compressive  principle  is,  however,  so  extremely  limited  in  liquids, 
that  for  all  practical  purposes  this  form  of  matter  is  regarded  as 
inelastic  and  uncompressible ;  or,  in  other  words,  the  elasticity  and 
compressibility  of  water  produce  no  appreciable  effects. 

The  compressibility  of  water  is  not  so  easily  demonstrated  as  is  its 
elasticity,  although  the  elasticity  is  a  direct  consequent    ^^  what 
of  the  compressibility.     An  experiment  of  Mr.  Perkins    extent  has 
showed  that  water,  under  a  pressure  of  fifteen  thousand    water  been 
pounds  to  the  square  inch,  was  reduced  in  bulk  one  part    *^°''"P'^**** 
in  twenty-four. 

230.  In  liquid  bodies,  as  has  been  already  shown  (§  36),  the  attrac- 
tive and  repulsive  forces  existing  between  the  particles 
are  sq  nearly  balanced,  that  the  particles  move  upon    ***  what  man- 
each  other  with   the   greatest  facility.     The    particles    particles  of 
which  make  up  a  collection  of  fine  sand,  or  dust,  also   liquids  move 
move  upon  each  other  with  great  facility ;  but  the  parti-   ^J*her  ?**^ 
cles  of  a  liquid  possess  this  additional  quality,  viz.,  that 

form  of  vapor,  which  again  descends  in  the  form  of  rain,  dew,  fog,  &c.  These 
walers  combine  to  form  springs  and  rivers,  which  all  at  last  discharge  into  the  ocean, 
the  point  from  which  they  originally  came,  thus  forming  a  constant  round  and  circula- 
tion. "  All  the  rivers  run  into  the  sea,  yet  the  sea  is  not  full,"  because  the  quantity 
of  water  evaporated  from  the  sea  exactly  equals  the  quantity  poured  into  it  by  the 
rivers.  In  nature,  water  is  never  found  perfectly  pure  :  that  whiqh  descends  as 
rain  is  contaminated  by  the  impurities  it  washes  out  of  the  air ;  that  which  rises  in 
springs,  by  the  substances  it  meets  with  in  the  earth.  Any  water  which  contains  less 
than  fifteen  grains  of  solid  mineral  matter  in  a  gallon  is  considered  as  comparatively 
pure.  Some  natural  waters  are  known  so  pure  that  they  contain  only  one-twentieth 
of  a  grain  of  mineral  matter  to  the  gallon,  but  such  instances  are  very  rare.  Rain- 
water must  be  considered  as  the  purest  natural  water,  especially  that  which  falls  in 
districts  remote  from  towns  or  habitations. 

All  natural  waters  contaio  air,  and  sometimes  other  gaseous  substances.  Fishes 
and  other  marine  animals  are  dependent  upon  the  air  which  water  contains  for  their 
respiration  and  existence.  It  is  owing  to  the  presence  of  air  in  water  that  it  sparkles 
and  bubbles. 
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of  moving  upon  themselves  without  friction.  The  particles  of  no 
solid  substance,  however  fine  they  may  be  rendered,  possess  this 
property. 

231.  From  this  is  derived  a  great  fundamental  principle  lying  at 
the  basis  of  all  the  mechanical  phenomena  connected  with  liquid 
bodies:  viz., — 

232.  Liquids  transmit  pressure  equally  in  all  direc- 
tions. 


What  great 
lawr  consti- 
tutes the  ba- 
sis of  all  the 
mechanical 
phenomena 
of  liquids  ? 


This  remarkable  property  constitutes  a  very  charac- 
teristic distinction  between  solids  and  liquids;  since 
solids  transmit  pressure  only  in  one  direction,  —  viz.,  in 
the  line  of  the  direction  of  the  force  acting  upon  them, 
— while  liquids  press  equally  in  all  directions,  upward, 
downward,  and  sideways. 

In  order  to  obtain  a  clear  understanding  of  the  principle  of  the 

Illu.tr.te  the    ^'^'^'^V  '^  ?'«**""  '"  "l" 
equality  of        uids,  let  us  suppose  a  vessel, 

pressure  in        Fig.  79,  of  any  form,  in  the 
liquids.  sides  of  which  are  several 

tubular  openings,  A  B  C  D  £,  each  closed 
by  a  movable  piston.  If,  now,  we  exert 
upon  the  top  of  the  piston  at  A  a  down- 
ward pressure  of  twenty  pounds,  this  pres- 
sure will  be  communicated  to  the  water, 
which  will  transmit  it  equally  to  the  inter- 
nal face  of  all  the  other  pistons,  each  of 
which  will  be  forced  outward  with  a  pres- 
sure equal  to  twenty  pounds,  provided  their  surfaces  in  contact  with 
the  water  are  each 
equal  to  that  of  the 
first  piston.  But  the 
same  pressure  exert- 
ed on  the  pistons  is 
equally  exerted  upon 
all  parts  of  the  sides 
of  the  vessel;  and 
therefore  a  pressure 
of  twenty  pounds  up-  ^*°-  ^• 

on  a  square  inch  of  the  surface  of  the  piston  A  will  produce  a  pres- 


FiG.  79. 
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sore  of  twenty  pounds  upon  every  square  inch  of  the  interior  of  the 
surface. of  the  vessel  containing  the  liquid. 

The  same  principle  may  also -be  shown  by  another  experiment. 
Suppose  a  cylinder,  Fig.  80,  in  which  a  piston  is  fitted,  to  terminate  in 
a  globe,  upon  the  sides  of  which  are  little  tubular  openings.  If  the 
globe  and  the  cylinder  are  filled  with  water,  and  the  piston  pressed 
down,  the  liquid  will  jet  out  equally  from  all  the  orifices,  and  not 
solely  from  the  one  which  is  in  a  direct  line  with,  and  opposite  to,  the 
piston. 

233.  This  property  of  transmitting  pressure  equally  and  freely  in 
every  direction  is  one  in  virtue  of  which  a  liquid  be-   _      . 
comes  a  machine,  and  can  be  made  to  receive,  dis-   nermaya 
tribute,  and  apply  power.    Thus,  if  water  be  confined    liquid  act  at 
in  a  vessel,  and  a  mechanical  force  exerted  on  any  por-   *  ™«chine  ? 
tion  of  it,  this  force  will  be  at  once  transmitted  throughout  the  entire 
mass  of  liquid.    The  shape  of  the  vessel  containing  the  liquid  does 
not  affect  the  equal  transmission  of  pressures  ;  and  a  bent  tube  trans- 
mits the  power  as  well  as  a  straight  tube. 

The  effects  of  the  practical  application  of  this  principle  are  so 
remarkable  that  it  has  been  called  the  hydrostatic  para-   ^^hat  is  the 
dox;  since  the  weight  or  force  of  one  pound,  applied    hydrostatic 
through  the  medium   of  an  extended  surface  of  some    P»r*dox? 
liquid,  may  be  made  to  produce  a  pressure  of  hundreds  or  even 
thousands  of  pounds.     Thus,  in  Fig.  81,  A 
and  a  are  two  cylinders  containing  water  con- 
nected by  a  pipe,  each  fitted  with  a  piston  in 
such  a  way  as  to  render  the  whole  a  close  ves- 
sel.    Suppose  the  area  of  the  base  of  the  pis- 
ton /  to  be  one  square  inch,  and  the  area  of 
the  base  of  the  piston  P  to  be  one  thousand 
square  inches.     Now,  any  pressure  applied  to 
the  small  piston  will  be  transmitted  by  the 
water  to  the  large  piston ;  so  that  every  portion  of  surface  in  the  large 
piston  will  be  pressed  upward  with  the  same  force  that  an  equal  por- 
tion of  the  surface  in  the  small  piston  is  pressed  downward.     A  pres- 
sure, therefore,  of  one  pound,  acting  on  the  base  of  the  piston  /,  will 
exert  an  outward  pressure  of  one  thousand  pounds  acting  on  the  base 
of  the  piston  P ;  so  that  a  weight  of  one  pound  resting  upon  the  piston 
/  would  support  a  weight  of  one  thousand  pounds  resting  upon  the 
piston  P. 


^■v^^^v»«s^^asAvoap^:Qa^vo»a»ftft^k^^ 
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The  action  of  the  forces  here  supposed  differs  in  nothing  from 
that  of  like  forces  acting  on  a  lever  having  unequal  arms 
forces  acting  ^"  *^®  proportion  of  one  to  one  thousand.  A  weight  of 
in  the  hydro-  one  pound,  acting  on  the  longer  arm  of  such  a  lever, 
static  para-  would  support  or  raise  a  weight  of  one  thousand  pounds 
with^the^*'^*  acting  on  the  shorter  arm.  The  liquid  contained  in  the 
forces  acting  vessel,  in  the  present  case,  acts  as  the  lever,  and  the 
on  the  arms  inner  surface  of  the  vessel  containing  it  acts  as  the  ful- 
crum. If  the  piston  /  descends  one  inch,  a  quantity  of 
water  which  occupies  one  inch  of  the  cylinder  a  will  be  expelled  from 
it;  and  as  the  vessel  Aa\s  filled  in  every  part,  the  piston  P  must  be 
forced  upward  until  space  is  obtained  for  the  water  which  has  been 
expelled  from  the  cylinder  a.  But,  as  the  sectional  area  of  A  is  one 
thousand  times  greater  than  that  of  ^,  the  height  through  which  the 
piston  P  must  be  raised  to  give  this  space  will  be  one  thousand  times 
less  than  that  through  which  the  piston  /  has  descended.  Therefore, 
while  the  weight  of  one  pound  on  /  has  moved  through  one  inch,  the 
weight  of  one  thousand  pounds  on  P  will  be  raised  through  only  one 
one-thousandth  part  of  an  inch.  If  this  process  were  repeated  a  thou- 
sand times,  the  weight  of  one  thousand  pounds  on  P  would  be  raised 
through  one  inch;  but  in  accomplishing  this  the  weight  of  one  pound 
acting  on  P  would  be  moved  successively  through  one  thousand  inches. 
The  mechanical  action,  therefore,  of  the  power  in  this  case,  is  ex- 
pressed by  the  force  of  one  pound  acting  successively  through  one 
thousand  inches,  while  the  mechanical  effect  produced  upon  the  resist- 
ance is  expressed  by  one  thousand  pounds  raised  through  one  inch. 

234.  The  Hydraulic  or  Hydrostatic  Press  is  a  ma- 

,„^    ,  chine  arranged  in  such  a  manner  that  the 

What  is  a  ^       ^ 

hydraulic        advantages  derived  from  the  principle  that 
press  liquids   transmit   pressure   equally   in   all 

directions,  may  be  practically  applied. 

The  principle  of  the  construction  and  action  of  the  hydraulic  press 
is  explained  in  the  preceding  paragraph  (§  233),  and  Fig.  82  represents 
a  section  of  its  several  parts. 

Fig.  82  represents  the  hydraulic  press  as  constructed  for  practical 
purposes.  In  a  small  cylinder  A  the  piston  of  a  forcing-pump  / 
works  by  means  of  the  handle  M.  The  cylinder  of  the  forcing-pump 
A  connects,  by  means  of  a  tube,  K,  leading  from  its  base,  with  a  large 
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cylinder  B,  In  this  moves  also  a  piston  P,  having  its  npper  extremity 
attached  to  a  movable  iron  ptate,  which  works  freely  up  and  down  in 
a  strong  opright  framework  Q.  Between  this  plaie  and  the  top  ot 
the  framework  the  substance  to  be  pressed  is  placed.  To  operate  the 
press,  water  is  raised  in  the  forcing-pump  A  by  raising  the  handle  M 
from  a  small  reservoir  beneath  it,  a;  by  depressing  the  handle,  the 
water  filling  the  small  cylinder  A  is  forced  through  a  valve  H,  and  the 


pipe  K  into  the  larger  cylinder  B,  where  it  acts  to  raise  the  larger 
piston,  and  causes  it  to  exert  its  whole  force  upon  the  object  confined 
between  the  iron  plate  and  the  top  of  the  framework.  If  the  area  of 
the  base  ot  the  piston  /  is  a  square  inch  in  diameter,  and  the  area 
of  the  base  of  the  piston  P  one  thousand  square  inches,  then  a  down- 
ward pressure  of  one  pound  on  p  will  exert  an  upward  pressure  of  one 
thousand  pounds  on  P. 
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As  thus  constructed,  the  hydraulic  press  constitutes  the  most  pow< 
erful  mechanical  engine  with  which  we  a.te  acquainted,  the  limits  to  its 
power  being  bounded  only  by  the  strength  of  the  machinery  and  mate- 
rial. By  means  of  this  press,  cotlon  is  pressed  into  bales,  ships  are 
raised  from  the  water  for  repair,  chain-cables  ate  lesled,  &C. 

235.  As  liquids  transmit  pressure  equally  in  all 
Will  liquid*  directions,  it  follows  that  any  given  por- 
u^m7"^  tion  of  a  liquid  contained  in  a  vessel  will 
downward?  press  Upward  upon  the  particles  above  it 
as  powerfully  as  it  presses  downward  upon  the  parti- 
cles below  it. 

This  fact  may  be  illustrated  by  means  of  the 
HowiBlh*  apparatus  represented  in  Fig.  83. 
upward  If  a  plate  of  metal,  B,  be  held  against 

□iTkiuldB         '*"*  '™"'"°  "f   ^  8'^^   '"''*  *">  ''y 
■howD  by         means  of  a  string  v,  and  immersed 
I       experiment  ?      |n  a  vessel  of  water,  the  water  being 
up  to  the  level  n  n,  the  plate  B  will  be  sustained 
in  its  place  by  the   upward  pressure  of  the  water. 
To  show  that  this    is  the  case,  it  is  only  neces- 
sary to  pour  water  into  the  tube  g,  until  it  rises 
to  the  Jevel   n  n.  when   the   plate 
will    immediately   fall,   the    upward 
pressure  below  the   plate    B    being 
neutraliied  by  the   downward  pres- 
sure of  the  water  in  the  tube  g. 

236.  The  pressure  exerted  by  a  column 
To  wh»t  ii      °'   liquid  is  proportioned  to,  or 

theprsuure  measured  by,  the  height  of  the 
utiiquidpro-  column,  and  not  by  its  bulk  or 
portuu.1?       quantity. 

If  we  take  a  tube  in  the  form  of  the  letter  U,  with 
one  of  its  branches  much  smaller  than  the  other,  as  in 
Fig.  84,  and  pour  water  into  one  uf  the  branches,  we 
shall  find  that  Ihe  liquid  will  stand  at  [he  same  height  in 
both  tubes.     The  great  mass  of  licjuid  contained  in  the  large  tube.  A, 


HYDROSTATICS.  1 2$ 

'essure  on  the  liquid  contained  in  the  small  tube, 
D.  than  would  a  smaller  mass  contained 
in  a  tube  of  the  same  dimensions  as  D. 
And,  if  A  contained  ten  thousand  times 
the  quantity  of  water  that  D  contained, 
the  water  would  rise  to  no  greater  eleva- 
tion in  D  than  in  A. 

The  principle  that  the  pressure  exerted 
by  a  column  of  water  is  as 
./..,.  .        .  What  U  the 

Its    height,    and   not   as    its    prtnciple  and 
quantity,  may  be  also  illus-    action  of  ttie 
trated    by    the     hydrostatic    hydroBtatic 
bellows.  Fig.  85.    This  con-   •""■""' 
sists  of  two  boards,  B  C  and  D  E,  united 
together  by  means  of  cloth  or  leather.  A, 

mon  bellows. 
A  small  verti- 
cal pipe,  T,  at- 
tached 10  the 
side,  cominunicates  with  the  interior  ot 
the  bellows.  Heavy  weights,  \V  W,  are 
placed  upon  the  toji  of  the  bellows  when 
empty.  If  water  be  poured  into  the  ver- 
tical pipe,  the  top  of  the  bellows,  with 
the  weights  upon  it,  will  be  lifted  up  by 
the  pressure  of  the  water  beneath  1  and, 
as  the  height  of  the  column  of  water  in- 
creases, so  in  like  proportion  may  the 
weights  upon  the  top  of  the  bellows  be 
increased.  It  is  a  matter  of  no  conse- 
quence what  may  be  the  diameter  of  the 
vertical  lube,  since  the  power  of  the  appa- 
ratus depends  upon  ihe  height  of  the  col- 
umn of  water  in  the  small  tube,  and  the 
area  of  the  board  B  C  ;  that  is.  the  wdghl  [ 
of  a  small  column  of  -mater  in  the  vertieal 
fipi,   T,  v,ill  ic  capable  of  mpporting  a  ^_  ^ 

■aicight  upon  Ihi  board  B  C,  greater  than 
the  weight  of  the  water  in  the  pipe,  in  ike  lanu  proportion  at  the  area 
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What  are 
illustrative 
examples  of 
the  pressure 
of  liquids? 


of  board  B  C  is  greater  than  the  sectioned  area  of  the  bore  of  the 
pipe.  Thus,  if  the  area  of  the  bore  of  the  pipe  be  a  quarter  of  an 
inch,  and  the  area  of  the  board  forming  the  top  of  the  bellows  a 
square  foot,  then  the  proportion  of  the  pipe  to  the  board  will  be 
that  of  576  to  I ;  and,  consequently,  the  weight  capable  of  being  sup- 
ported by  the  board  will  be  576  times  the  weight  of  the  water  con- 
tained in  the  pipe. 

In  this  manner  a  strong  cask.  Fig.  86,  filled  with  liquid,  may  be  burst 
by  a  few  ounces  of  water  poured  into  a  long  tube,  com- 
municating with  the  interior  of  the  cask. 

This  law  of   pressure  is  sometimes  exhibited  on  a 
great  scale  in  nature,  in  the  bursting  of  rocks  or  moun- 
tains.    Suppose  a  long  vertical  fissure,  as  in  Fig.  87,  to 
communicate  with  an  internal  cavity  formed  in  a  mountain,  without  any 

outlet.  Now,  when  the  fis- 
sure and  cavity  become  filled, 
an  enormous  pressure  is  ex- 
erted, sufficient,  it  may  be,  to 
crack  or  disrupture  the  whole 
mass  of  the  mountain. 

The  most  striking  effects 
of  the  pressure  of  the  water 
at  great  depths  are  exhibited 
in  the  ocean.  If  a  strong, 
square  glass  bottle,  empty  and 
firmly  corked,  be  sunk  in  wa- 
ter, its  sides  are  generally 
crushed  in  by  the  pressure  before  it  has  reached  a  depth  of  sixty  feet. 
Divers  plunge  with  impunity  to  certain  depths,  but  there  is  a  limit 
beyond  which  they  can  not  sustain  the  immense  pressure  on  the  body 
exerted  by  the  water.  Animal  life  has  been  found  to  exist  at  all 
depths,  and  it  is  believed  there  is  no  limit  of  depth  beyond  which  it 
can  not  be  found.  The  principle  of  the  equal  transmission  of  press- 
ure by  liquids  enables  fishes  to  sustain  a  very  great  pressure  of  water 
without  being  crushed  by  it ;  the  fluids  contained  within  them  pressing 
outward  with  as  great  a  force  as  the  liquid  which  surrounds  them 
presses  inward. 

When  a  ship  founders  at  sea,  the  great  pressure  at  the  bottom 
forces  the  water  into  the  pores  of  the  wood,  and  increases  its  weight 
to  such  an  extent  that  no  part  can  ever  rise  again* 


Fig.  87. 
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237.  The  pressure  upon   the  bottom  of   a   vessel 
containing  a  liquid  is  not  affected  by  the 
shape  of   the  vessel,  but  depends   solely  does  the 
upon  the  area  of  the  base,  and  its  depth  Spo*n  the 
below  the   surface ;  and   the   pressure  at  bottom  of  a 

^  vessel  con- 

any  point  upon  the  side  of  a  vessel  con-  taimnguquid 

taining  a  liquid  will  be  in  proportion  to  the    ****" 

perpendicular  depth  of  that  point  below  the  surface. 

This  arises  from  the  law  of  equal  distribution  of  pressure  in  liquids. 
Fig.  88  represents  two  differ- 
ent vessels  having  equal  bases, 


5.......^_,,C 


...JD 


B 


C! 


Fig.  88. 


and  the  same  perpendicular 
depth  of  water  in  them.  Al- 
though the  quantity  of  water 
contained  in  one  is  much 
greater  than  in  the  other,  the 
pressure  sustained  by  these  bases  will  be  the  same. 

Hence,  to  find  the  pressure  of  water  upon  the  bottom  of  any  ves- 
sel, we  have  the  following  rule :  — 

238.  Multiply  the   area  of  the  base  by  How  can  we 

,      -^  ■'     calculate  the 

the  perpendicular  depth  of  the  water,  and  pressure 
this  product  by  the  weight  of  a  cubic  foot  tom"of  aves- 

nf   watpr  sel  contain- 

er   water.  ing  water? 

Thus,  suppose  the  area  of  the  base  of  a  vessel  to  be 
two  square  feet,  and  the  perpendicular  depth  of   the 
water  be  three  feet :  required  the  pressure  on  the  bottom  of  the  vessel, 
the  weight  of  a  cubic  foot  of  water  being  assumed  to  be  one  thousand 
ounces. 

2X3  =  6  cubic  feet. 

6  X  1,000  =  6,000  oz.  =  pressure  on  the  base  of  the  vessel. 

239.  To  find  the  pressure  upon  the  side  of  a  vessel 
containing  water,  multiply  the  area  of  the  How  may 
side   by   one-half  its   whole   depth   below  upon^heside 
the   surface,  and  this   product    again   by  ol^^terbe 
the  weight  of  a  cubic  foot  of  water,  calculated? 
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Suppose  A  C,  Fig.  89,  to  represent  the  section  of  the  side  of  a 
canal,  or  a  vessel  filled  with  water,  and  let  the  whole  depth,  A  C,  be 
ten  feet :  then  at  the  middle  point,  B,  the  depth,  A  B,  will  be  five  feet. 
Now,  the  pressure  at  C  is  produced  by  a  column  of  water  whose  depth 
is  ten  feet ;  but  the  pressure  at  B  is  produced  by  a  column  whose  depth 
is  five  feet,  which  is  the  average  between  the  pressure  at  the  surface 
and  at  the  bottom,  or  the  average  of  the  entire  pressure  upon  the  side. 

Hence  the  total  pressure    upon   the    side  of  a 

==■-■=^8=.      vessel  containing  water  will   be   equal    to    the 

r,,~-^^"       weight  of  a  column  of  water  whose  base  is  equal 

i.  ~^        to  the  area   of   that  side,  and  whose  height  is 

EEz7^^=^       equal  to  one-half  the  depth  of  the  liquid  in  the 

F      o_  vessel ;  or,  in  other  words,  to  the  depth  of  the 

middle  point  of  the  side  below  the  surface. 

As  the  pressure  upon  the  sides  of  a  reservoir  containing  water  in- 

Why  should     creases  with  the  depth,  the  walls  of  embankments,  dams, 

an  embank-      canals,  &c,  are  made  broader  or  thicker  at  the  bottom 

made  strone-  *^*^  **  *^®  *°P  ^^  *"  ^^S*  ^^*  ^^^  '^®  same  reason,  in 
er  at  the  order  to  render  a  cistern  equally  strong  throughout,  more 

bottom  than  hoops  should  be  placed  near  the  bottom  than  at  the  top. 
at  the  top  ? 

240.  The  actual  pressure  produced  upon  the  bot- 
How  does  ^^^  ^^d  sides  of  a  vessel  which  contains 
the  pressure    ^  liquid  is  always  greater  than  the  weight 

quantity  of        of  the  liquid, 
liquid  com- 
pare with  its         In  a  cubical  vessel,  for  example,  the  pressure  upon 
^^^^  the  bottom  will  be  equal  to  the  weight  of  the  liquid,  and 

the  pressure  on  each  of  the  four  sides  will  be  equal  to  one-half  the 
weight ;  consequently  the  whole  pressure  on  the  bottom  and  sides  will 
be  equal  to  three  times  the  weight  of  the  liquid. 


In  what  con-       24 1.  The  surface  of  a  liquid  when   at 

dition  is  the 
surface  of  a 
liquid  at  rest? 


surface  of  a*^    ^cst  is  always  Horizonid,  or  Le¥eL 


The  particles  of  a  liquid  having  perfect  freedom  of 
motion  among  themselves,  and  all  being  equally  attracted  by  gravi- 
Why  is  the  ^^^ion,  the  whole  body  of  liquid  will  tend  to  arrange 
surface  of  a  itself  in.  such  a  manner  that  all  the  parts  of  its  surface 
liquid  at  rest  shall  be  equally  distant  from  the  earth's  center,  which  is 
the  center  of  attraction. 
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A  perfectly  level  surface  really  means  one  in  which  every  part  of 
the  surface  is  equally  near  the  center  of  the  earth:  it 
must  be,  therefore,  in  fact,  a  spherical  surface.    But  so   truc^efini-* 
large  is  the  sphere  of  which  such  a  surface  forms  a  part,   tion  of  a 
that  in  reservoirs  and  receptacles  of  water,  of  limited   •pherical 
extent,  its  sphericity  can  not  be  noticed,  and  it  may  be 
considered  as  a  perfect  plane  and  level ;  but  when  the  surface  of  water 
is  of  great  extent,  as  in  the  case  of  the  ocean,  it  exhibits  this  rounded 
form,  conforming  to  the  figure  of  the  earth,  most  perfectly.* 

242.  Water  or  other  liquids  will  always  in  what  man- 

.    I        1    .  r    i*r     nerwilla 

rise  to  an  exact  level  in  any  series  of  dif-  uquidriiein 
ferent  tubes,  pipes,  or  other  vessels  com-  *  •^**  ®' 


municating  with  each  other. 


Fig.  90. 


tubes  or  ves- 
sels commu- 
nicating with 

This  fact  is  sufficiently  illustrated  by  reference   to    •■*=**  ^^^^  ^ 
Fig.  90. 

243.  It  is  upon  the  application  of  the  principle  that  water  in  pipes 
will  always  rise    ©n  what 
to    the    height    principle  are 
or  level  of  its    wc  enabled 

smirre  tW  all    *«  convey 
source,  tnat  aJl    ^^^erin 

arrangements    aqueducts 

for    conveying    o^*'  uneven 

surfaces  ? 
water  over  un- 
even surfaces  in  aqueducts, 
or  closed  pipes,  depend.  The 
water  brought  from  any  reservoir  or  source  of  supply,  in  or  near  a 
town  or  building,  may  be  delivered  by  the  .effect  of  gravity  alone  to 
every  location  beneath  the  level  of  the  reservoir ;  the  result  not  be- 
ing affected  by  the  inequalities  of  the  surface  over  which  the  water- 
pipes  may  pass  in  their  connection  between  the  reservoir  and  the  point 
of  delivery.  So  long  as  they  do  not  rise  above  the  level  of  the  source 
of  supply,  so  long  will  the  water  continue  to  flow. 

*  A  hoop  surrounding  the  earth  would  bend  from  a  perfectly  straight  line  eight 
inches  in  a  mile.  This  curvature  increases  as  the  square  of  the  distance.  For  two 
miles  it  is  8  X  2*  =  33  inches  :  three  miles,  8  X  3*  ^  72  inches,  &c.  Consequently, 
if  a  segment  of  the  surface  of  the  earth  a  mile  long  were  cut  off,  and  laid  on  a  perfect 
plane,  the  center  of  the  segment  would  be  only  four  inches  higher  than  the  edges.  A 
small  portion  of  it,  therefore,  for  all  ordinary  purposes,  may  be  considered  as  a  perfect 
plane. 
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Figt*  91  represents  the  line  oi  a  modern  aqiieduct:  a.  a  a-  represents 
the  water  level  ;of  a  pond  or  reservoir  upon  elevated  ground.  Frqjn 
this  pOnd  a  line  pf  pipe  is  laid,  passing  over  a  bridge  or  viaduct  at  ^,-. 
and  under  a  river  at  c.  The  fountains  at  ^  ^  show  the  stream  rising  to 
the  level  of  its  source  in  the  pond  a,  at  two  points  of  very  differeiit 
elevation.  ■ ;    r 

>  The;  ancients,  in  constructing  aqueducts,  do  not  seem  to  have  ever 
{yi>eLC.tically  applied  this  principle,  that  water  in  pipes  rises  to  the  levej 


Fig.  91. 


of  its  source.  When,  in  conducting  water  from  a  distant  source  to 
supply  a  city,  it  became  necessary  to  cross  a  ravine  or  valley,  immense 
bridges  or  arches  of  masonry  were  built  across  it,  with  great  labor 
and  at  enormous  expense,  in  order  that  the  water-flow  might  be  con- 
tinued nearly  horizontally.  At  the  present  day  the  same  object  is 
effected  more  perfectly  by  means  of  a  simple  iron  pipe,  bending  in 
conformity  with  the  inequalities  of  surface  over  which  it  passes. 

In  the  construction  of  pipes  for  conveying  water,  it  is  necessary 
that  those  parts  which  are  much  below  the  level  of  the 
reservoir  should  have  a  great  degree  of  strength,  since 
they  sustain'  the  bursting  pressure  of  a  column  of  water 
whose  height  is  equal  to  the  difference  of  level.  A 
pipe  with  a  diameter  of  four  inches,  a  hundred  and  fifty 
feet  below  the  level  of  a  reservoir,  should  have  suf- 
ficient strength  to  bear  with  security  a  bursting  pressure  of  nearly  five 
tons  for  each  foot  of  its  length. 

: ..  Upon  the  principle  that  water  tends  to  rise  to  the  level  of  its 
source,  ornamental  fountains  may  be  constructed.  Let  water  spout 
upward  through  a  pipe  communicating  with  the  bottom  of  a  deep 
vessel,  and  it  will  rise  nearly  to  the  height  of  the  upper  surface  of 
the  water  in  the  vessel.  The  resistance  of  the  air,  and  the  falling 
drops",  prevent  it  from  rising  to  the  exact  level.     Let  A,  Fig.  92,  repre- 


Ih  wUat  man- 
ncr  should 
pipes  for  the 
conveyance 
of  water  be 
constructed  ? 
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■BPt  t  tisterit  filled  with  water  to  aconstam  height,- p.     If  four.b«!.nt 
pipes- be  inserted  in  the  side  of  the  cistern  at 
different    distances    below  the    surface,    the 
water  will  jet  upward  from  all  the  orifices  to 
nearly  the  same  level. 

The  phenomena  of  artesian  wells,  and  the 
pUn  of  boring  for  water,  depend  on  the  same 
principle- 

244  An  Artesian  Well  is  a  cylin- 
drical  excavation  formed  by  bor- 
ing into  the  earth  with  a  species  ' '"' 
of  auger,   until  a  sheet  or  vein  of  water   is    found; 
when  the  water  rises  through  the  excava-  „,^  , , 
tion.    Such  excavations  are  called  artesian,   artesian 
because    this   method   was   employed   for  *" 
obtaining  water  at  Artois  in  France. 

The  reason  that  the  water  rises  in  artesian,  and  sometimes  in  ordi- 
nary wells,  to  the  surface,  is  as  follows :  The  surface  of   ,^.     , 
the  globe  is  formed  of  different  layers,  or  strata,  of  diC-   ihcwatarrlH 
ferent  materials,  such  as  sand,  gravel,  clay,  stone,  &c.,   In  *o  arto- 
placed  one  upon  the  other.    In  particular  situations,  these    "*"  " 
strata  do  not  rest  horiionlaily  upon  one  another,  but  are  inclined,  the 
different  strata  being  like  tiips  iir  basins  placed  one  within  the  other, 
as  in  Fig.  93.    Some 

composed  of  male- 
rials,  as  sand  or 
gravel,  through 
which  water  will 
soak  most  readily; 
while  other  strata, 
like  clay  and  rock, 

will  not  allow   the  '""  '' 

water  to  pass  through  them.  If,  now,  we  suppose  a  stratum  like  sand, 
pervious  to  water,  to  be  included  as  at  a  n.  Fig-  93,  between  two  other 
strata  of  clay  or  rock,  the  water  falling  upon  the  uncovered  margin  of 
the  sandy  stratum  a  a  will  be  absorbed,   and  penetrate    through  its 
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whole  depth.  It  will  be  prevented  from  rising  to  the  surface  by  the 
impervious  stratum  above  it,  and  from  sinking  lower  by  the  equally 
impervious  stratum  below  it.  It  will  therefore  accumulate  as  in  a 
reservoir.  If,  now,  we  bore  down  through  the  upp)er  stratum,  as  at  ^, 
until  we  reach  the  stratum  containing  the  water,  the  water  will  rise  in 
the  excavation  to  a  certain  height,  proportional  to  the  height  or  level 
of  the  water  accumulated  in  the  reservoir  a  a  from  which  it  flows.* 

245.  The  rain  which  falls  upon  the  surface  of  the  earth  sinks 
What  is  the  downward  through  the  sandy  and  porous  soil,  until  a 
origin  of  bed  of  clay  or  rock,  through  which  the  water  can  not 
springs  ?  penetrate,  is  reached.  Here  it  accumulates,  or,  running 
along  the  surface  of  the  impervious  stratum,  bursts  out  in  some  lower 
situation,  or  at  some  point  where  the  impervious  bed  or  stratum  comes 
to  the  surface  in  consequence  of  a  valley  or  some  depression.    Such 

a  flow  of  water  consti- 
tutes a  spring.  Suppose 
<z.  Fig.  94,  to  be  a  gravel 
hill,  and  b  a  stratum  of 
clay  or  rock,  impervious 
to  water.  The  fluid  per- 
colating through  the 
gravel  would  reach  the  impervious  stratum,  along  which  it  would  run 
until  it  found  an  outlet  at  r,  at  the  foot  of  the  hill,  where  a  spring 
would  be  formed. 

246.  If  there  are  no  irregularities  in  the  surface,  so  situated  as  to 
....  .  allow  a  spring  to  burst  forth,  or  if  a  spring  issues  out  at 
water  collect  some  point  of  the  porous  earth  considerably  above  the 
in  an  ordi-  surface  of  the  clay  or  rock  upon  which  at  some  depth 
nary  well  ?  ^^  ^}\{^  earth  rests,  the  water  soaking  downward  will 
not  all  be  drained  off,  but  will  accumulate,  and  rise  among  the  particles 
of  soil,  as  it  would  among  shot  or  bullets  in  a  water-tight  vessel.  If 
a  hole  or  pit  be  dug  into  such  earth,  reaching  below  the  level  of  the 
water  accumulated  in  it,  it  will  soon  be  filled  up  with  water  to  this 
level,  and  will  constitute  a  well.    The  reason  why  some  wells  are 

*  In  the  great  artesian  wells  of  Crenelle,  near  Paris,  and  of  Kissengen  in  Bava- 
ria, the  water  rises  from  depths  of  eighteen  hundred  and  nineteen  hundred  feet  to  a 
considerable  height  above  the  surface  of  the  earth.  The  well  of  Paris  is  capable  of 
supplying  water  at  the  rate  of  fourteen  millions  of  gallons  per  day.  The  region  of 
country  in  which  this  water  fell,  from  the  curvature  of  the  layers,  or  strata,  of  material 
through  which  the  excavation  was  made,  must  have  been  distant  two  hundred  miles  or 
more. 


Fig.  94, 
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Fig.  95. 


deeper  than  others  is,  that  the  distance  of  the  impervious  stratum 
of  clay  below  the  surface  is  different  in  different  localities. 

247.  All  wells  and  springs,  therefore,  are  merely  the    Prom  what 
rain-water  which  has  sunk  into  the  earth,  appearing  again,   •ourcc  do 
and  gradually  accumulating,  or  escaping  at  a  lower  level,   and^prines 

248.  The  property  of  liquids  to  assume  a  horizontal   derive  their 
surface  is  practically  taken  advantage  of  in  ascertaining   water  ? 
whether  a  surface  is  perfectly  horizontal,  or  level,  and  is  accomplished 
by  means   of  an  instrument  known  as  the   Water  or   what  is  a 
Spirit  Le¥9l.     This  consists  of  a  small  glass  tube,  Fig.    water  or 

95,  filled  with  spirit  or  water,  except  a  small  space  »Pi"tl«vcl? 
occupied  with  air,  and  called  the  air-bubble.  In  whatever  position 
the  tube  may  be  placed,  the  bub- 
ble of  air  will  rest  at  the  highest 
point.  If  the  two  ends  of  the 
tube  are  level,  or  perfectly  hori- 
zontal, the  air-bubble  will  remain 
in  the  center  of  the  tube ;  but  if 

the  tube  inclines  ever  so  little  the  bubble  rises  to  the  higher  end.    For 
practical  use  the  glass  tube  is  inclosed  in  a  yrood  or  brass  case  or  box. 

249.  The  method  of  conducting  a  canal  through  a  country,  the 
surface  of  which  is  not  perfectly  horizontal,  or  level,    „  . 
depends  upon  this  same  property  of  liquids.    In  order   principle  are 
that  boats  may  sail  with  ease  in  both  directions  of  the    canaU  con- 
canal,  it  is  necessary  that  the  surface  of  the  water  should   ^^JT*^*^*^  p 
be  level.    If  one  end  of  a  canal  were  higher  than  the 

other,  the  water  would  run  toward  the  lower  extremity,  overflow  the 
banks,  and  leave  the  other  end  dry.  But  a  canal  rarely,  if  ever, 
passes  through  a  section  of  country  of  any  great  extent,  which  is  not 
inclined  or  irregular  in  its  surface.  By  means,  however,  of  expedi- 
ents called  Locks,  a  canal  can 
be  conducted  along  any  de- 
clivity. In  the  formation  of  a 
canal,  its  course  is  divided 
into  a  series  of  levels  corre- 
sponding with  the  inequalities 
of  the  surface  of  the  country 
through    which   it    passes. 


Fig.  96. 


These  levels  communicate  with  each  other  by  locks,  by  means  of 
which  boats  passing  in  any  direction  can  be  elevated  or  lowered  with 
ease,  rapidity,  and  safety. 
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Fig.  96  represents  a.  section  of  a  lock,  and  Fig.  97  the  c 
ot  the  Lock  Gates.  The  section  Fig.  96  represents  a  place  where  there 
is  a  sudden  fall  of  the  groond,  along  which  the  canal  has  to  pass.  A  li 
and  C  D  are  two  gales  which  completely  Intercept  the  course  of  the 
water,  but  at  the  same  time  admit  of  being  opened  and  closed.  A  H 
Is  the  level  of  the  water  in  that  part  of  the  canal  lying  above  the  gate 
A  B,  and  E  F  and  F  G  the  levels  below  the  gate  A  B.  The  part  of 
the  canal  included  between  two  gates,  as  E  F,  is  called  a  lock,  because, 
when  a  vessel  is  let  into  it,  it  can  be  shut  by  closing  both  pair  of 
gates.     If  now  it  is  requited  to  let  a  boat  down  from  the  higher  level. 


Fig.  97. 

A'  H,  lo  the  lower  level,  E  G,  the  gates  C  D  are  closed  tightly,  and  an 
opening  made  in  the  gates  A  B  (shown  in  Fig.  97),  which  allows  the 
water  to  How  gradually  from  A  H  into  the  lock  A  E  F  C,  until  it 
attains  a  common  level,  H  A  C.  The  gate  A  B  Is  then  opened,  and 
the  -boat  floats  into  the  lock  A  B  C  D.  The  gales  A  B  are  then 
closed,  and  an  opening  made  in  gates  C  D,  which  allows  the  water  10 
flow  from  the  space  A  E  F  C,  until  it  comes  lo  the  common  level, 
E  F  G.  The  gate  C  D  is  then  opened,  and  the  boat  floats  out  of  the 
locks  into  the  continuation  of  the  canal.  To  enable  a  boat  to  pass 
from  the  lo(*er  level,  E  F  0,  to  the  superior  level,  A  H,  the  process 
here  (teVctibed  is  ttverSed- 
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250.  When   a   solid   is   immersed    in  a  with  what 
liquid,  it  will   be   pressed  upward  with  a  flo^tincbo<iy 
force  equal  to  the  weight  of  the  liquid  it  J'^^p 
displaces. 

251.  Buoyancy  is  the  name  applied  to  the  force  by 
which   a  solid   immersed   in   a   liquid    is  what  is 
heaved  or  pressed  upward.  buoyancy? 

The  resistance  offered  when  we  attempt  to  sink  a  body  lighter  than 
water,  in  that  liquid,  proves  that  the  water  presses  with  a  force  upward 
as  well  as  downward.     Upon  this  fact  the  laws  of  floating  bodies 
depend;    and  for  this  reason  the  bot- 
toms  of   large  ships  are   constructed 
with  a  great  degree  of  strength. 

When  we  immerse  a  body  in  water, 
it  displaces  a  quantity  of 
water  equal    to  its  own 
bulk.     (In   Fig.   98,  the 
space   occupied  by    the 
cube   A   B  is  obviously 
equal  to  a  cube  of  water   of  the  same 
size.)      The   water   that   before   occu- 
pied the  space  which  the  body  now 
fills  was  supported  by  the  pressure  of 
the   other  particles   of    water  around 
it.    The  same  pressure  is  exerted  on 
the  substance  which  we  have  immersed 
in  the  water,  and  consequently  it  will  be  supported  in  a  like  degree. 

If  the  body  weighs  less  than  an  equal  bulk  of  water,  the  pressure 

of  the  water  will  sustain  it  entirely,  and  the  body  will 

.     .     .        •       .1-  1    When  wit!  a 

float ;  if,  on  the  contrary,  it  is  heavier  than  an  equal    j^^y  gj„,j^ 

bulk  of  water,  the  pressure  of  the  particles  of  water   and  when 

will  be  unable  wholly  to  sustain  it,  and,  yielding  to  the    ^oa**  >" 

attraction  of  gravitation,  it  descends,  or  sinks. 

252.  The  buoyancy  of  liquids  is  in  proportion  to. 
their  density  or  specific  gravity ;  or,  in  other  to  what  is 
words,  a  solid  is  buoyant  in  a  liquid,  in  pro-  ^  uq'^^S"'*^*^ 
portion  as  it  is  light,  and  the  liquid  heavy,  proiiort'io'nii  ? 


When  we 
immerse 
a  body  in 
water,  what 
occurs  ? 


Fig.  98. 
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Thus  quicksilver,  the  heaviest  or  most  dense  fluid  known,  supports 
iron  upon  its  surface ;  and  a  man  might  float  upon  mercury  as  easily 
as  a  cork  floats  upon  water.  Many  varieties  of  wood  which  will  sink 
in  oil  float  readily  upon  water. 

253.  The  Specific  Weight,  or  the  Specific  Gravity,  of 
What  is  spe-  ^  body,  is  the  weight  of  a  given  bulk  or 
cific weight?  volume  of  the  substance,  compared  with 
the  weight  of  the  same  bulk  or  volume  of  some 
other  substance. 

The  term  "  specific  "  weight,  or  gravity,  is  used  because  bodies  of 
different  species  of  matter  have  different  weights  under  equal  bulks 
or  volumes.  Thus  a  cubic  inch  of  cork  has  a  different  weight  from 
a  cubic  inch  of  oak  or  of  gold,  and  a  cubic  inch  of  water  contains 
a  less  weight  than  a  cubic  inch  of  mercury.  Hence  we  say  that  the 
specific  gravity  or  specific  weight  of  cork  is  less  than  that  of  oak 
or  gold,  and  the  specific  gravity  of  mercury  is  greater  than  that  of 
water. 

254.  Specific   gravity,   or  weight,  being  merely  the  comparative 

gravity,  or  weight,  it  is  convenient  that  some  standard 
standard  for  Should  be  selected,  to  which  all  other  substances  may  be 
estimating  referred  for  comparison.  Distilled  water  has  accord- 
thc  specific  ingly  been  taken,  by  common  consent,  as  the  standard 
bodies?  ^^^  comparing  the  weights  of  all  bodies  in  the  solid  or 

liquid  form. 
To  find  the  specific  gravity  of  solids  we  have  the  following  rule :  — 

How  do  we         ^SS-  Ascertain  the  weight  of  the  body 
determine       jn   watcr,    and   also   in   air.      Divide   the 

the  specific 

gravity  Weight   in   air   by  the   loss   of  weight   in 

heavier  ^         Water,  and  the  quotient  will  be  the  specific 


than  water  ? 


gravity  required. 


Suppose  a  piece  of  gold  weighs  in  the  air  nineteen  grains,  and 
in  water  eighteen  grains :  the  loss  of  weight  in  water  will  be  i. 
19  -7-  I  =  19,  the  specific  gravity  of  gold. 

Fig.  99  represents  the  arrangement  of  the  balance  for  taking  spe- 
cific gravities,  and  the  manner  of  suspending  the  body  in  water  from 
the  scale-pan,  or  beam,  by  means  of  a  fine  thread  or  hair. 
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For  obtaining  the  specific  gravity  of  liquids,  a  bottle  capable   of 
holding      exactly    „„„  ^^  „, 
1,000     grains     of    obtnin  the 
distilled  water,  at    spedfiigrBv- 

.  ,™p.„,.„  of  £.1',""' 

60"  Fahrenheit,  is 

obtained,  filled  with  water,  and 

balanced  upon  the  scales.    The 

water  is  then  removed,  and  its 

place   supplied  with    the    fluid 

whose  specific  gravity  we  wish 

to  determine,  and  the  bottle  and 

cotitents  again  weighed.      The 

weight  of  the  fluid,  divided  by 

the  weight  of  the  water,  gives 

the    specific    gravity   required.  „ 

Thus    a    bottle    holding    1,000  '"'  '^'" 

grains  of  distilled  water  will   hold   1^45  grains  of  sulphuric  acid. 

'1845-^-1,000^=1.845;   or,  the  sulphuric  acid  is  1.845  times  heavier 

than  an  equal  bu!k  of  water. 

256.  The  specific  gravity  of  liquids  may  also  be  found  by  the 
balance  in  the  following  manner :  Weigh  a  solid  body 

in  water,  as  well  as  in  the  liquid  whose  specific  gravity  g„j  j),,  JL^^ 

is  to  be  determined  ;  then  the  loss  in  each  case  will  be  ciRc  eiavity 

the   respective  weights  of  equal   bulks  of  water   and  *"5"''  ^ 
liquid.    We  have,  therefore,  the  following  rule :  — 

257.  Divide  the  loss  of  weight  in  the  liquid  by  the 
loss  of  weight  in  water;  the  quotient  will  give  the 
specific  gravity  of  the  liquid. 

Thus  a  solid  body  (a  piece  of  glass  is  generally  used)  loses  twenty 
grains  when  weighed  in  water,  and  thirty  grains  when  weighed  in 
acid.    30  -^  20  ^  1.5,  the  specific  gravity  of  the  acid. 

Specific  gravity  may  also  be.  found  by  means  of  an  instrument 
called  the  hydrometer. 

258.  The  Hydrometer   consists   of   a   hollow    glass 
tube,  on  the  lower  part  of  which  a  spherical   ^^dat  ii  ■ 
bulb  is  blown,  the  latter  being  filled  with  a  hydromweii 
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suitable  quantity  of  small  shot  or  quicksilver,  in  order 
to  cause  it  to  float  in  a  vertical  position.  The  upper 
part  of  the  tube  contains  a  scale  graduated  into 
suitable  divisions.     (See  Fig.  100.) 

It  i6  obvious  that  tlie  hydrometer  will  sink  to  a  greater  or  less 

depth  in  different  liquids;  deeper 

Howmaythe    („  ,^g  lighter  oties,  ot  those  of 

Lty  of  aliquld    small  specific  gravity,  and   not  So 

be  deter-  deep  in  those  which  are  denser. 

h'T''  M  '^'  ""'  "*''*^''  """^  ^^'  specific 
gravity.  The  specific  gravity  of 
a  liquid  may.  therefote,  be  estimated  by  the 
uiimbet  of  divisions  or  the  scale  which  remaiti 
above  the  surface  of  the  liquid.  Tables  are 
constructed  so  that  by  their  aid,  when  the  num- 
ber on  the  scale  at  which  the  hydrometer  floats 
in  a  given  liquid  is  determined  by  experiment, 
the  specific  gravity  is  expressed  by  figures  in  a 
column  directly  opposite  that   number  in   the 

There  ate  various  forms  of  the  hydrometer 
especially  adapted  for  determining  the  density, 
or  specific  gravity,  of  spirits,  oils,  syrups,  lye,  &c.  It  affords  a  ready 
method  of  determining  the  purity  of  a  liquid,  as,  for  instance,  alcohol. 
The  addition  of  water  to  alcohol  adds  to  its  density,  and  therefore  In- 
creases its  buoyancy.  The  addition  of  water,  therefore,  will  at  once 
be  shown  by  the  less  depth  to  which  the  hydrometer  will  sink  in  the 
liquid.  The  adulteration  of  sperm  oil  with  whale  or  other  cheaper 
oils  may  be  shown  in  the  same  manner." 


.  he  wished  to  aoiiinplidi  this 

th  one  day,  he  observed  Ihu  Ibe 

of  hi^  body  beneath  the  surface 

r  substance  of  equal  siie  would 

ight  and  kss  sjie  oc  bulk  muld 

ould,  by  ibe  application  of  [hi) 
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259.  For  obtaining  the  specific  gravity  of  gases, 
air  instead  of  water  is  adopted  as  the  how  do  we 
standard  of  comparison.  The  weight  of  a  °p^Sc*grav- 
given  volume  or  measure  of  a  gas  is  com-  »tyof  aga«? 
pared  with  the  weight  of  an  equal  volume  of  pure 
atmospheric  air ;  and  the  weight  of  the  gas,  divided 
by  the  weight  of  the  air,  will  express  the  specific 
gravity  of  the  gas. 

260.  The  following  table  exhibits  the  specific  gravity  of  various 
solid,  liquid,  and  gaseous  bodies;  pure  water,  having  a  temperature 
of  sixty  degrees  Fahrenheit's  thermometer,  being  assumed  as  the 
standard  of  comparison  for  solids  and  liquids,  and  pure,  dry  air, 
having  the  same  temperature,  being  assumed  as  the  standard  of  com- 
parison for  gases.  The  metal  platinum  has  the  greatest  specific  gravity 
of  any  solid  body,  being  more  than  twenty-one  times  heavier  than  an 
equal  bulk  of  water ;  and  hydrogen  gas  the  least  specific  gravity  of 
any  of  the  gases,  being  14.4  lighter  than  an  equal  bulk  of  air,  and 
12.000  lighter  than  an  equal  bulk  of  water.  These  two  substances  are 
respectively  the  heaviest  and  lightest  forms  of  matter  with  which  we 

are  acquainted. 

SOLIDS   AND    LIQUIDS. 

Distilled  water  .                .     i.ooo  Diamond             .                •3-521 

Platinum  (hammered)    .      20.336  Flint  glass                              3.080 

Gold 19.260  Porcelain     ....  2.240 

Mercury.                               14.000  Coal  (anthracite)     .        .       i«S30 

Lead '^'350  Boxwood     ....  r.320 

Silver     ....       10.470  White  pine                               .550 

Copper      ....    8.850       Alcohol 792 

Iron        .        .        .  7790       Ether 736 

Tin 7-291       Cork 240 

admiiadon  and  delight,  he  is  said  to  have  leaped  from  the  water,  and  rushed  naked 
into  the  street,  crying,  *' Evpi]Ka /  EvpfjKQ /"  "I  have  found  it !  I  have  found 
it  !  "  In  order  to  apply  his  theory  to  practice,  he  procured  a  mass  of  pure  gold,  and 
another  of  pure  silver,  each  having  the  same  weight  as  the  crown  ;  then  plunging  the 
three  metallic  bodies  successively  into  a  vessel  quite  filled  with  water,  and  having 
carefully  collected  and  weighed  the  quantity  of  liquid  which  was  displaced  in  each 
instance,  he  ascertained  that  the  mass  of  pure  gold,  of  the  same  weight  as  the  croMrn, 
displaced  less  water  than  the  crown  :  the  crown  was,  therefore,  not  pure  gold.  The 
mass  of  pure  silver-  of  the  same  weight  as  .the  crown  displaced  rnoVe  Wiiter'  (hari  the 
crown  :  the  crown,  therefore,  was  not  pure  silver,  but  a  mixture  of  gold  and  silver. 
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GASES. 
Pure  dry  atmospheric  air  .  i.oooo       Nitrogen   .        .        .        •    •97i3 
Carbonic  acid  gas .        .       i>5245      Ammoniacal  gas    .        .        '5967 
Oxygen      ....  r.1105       Hydrogen 0692 

How  can  we  261.  Multiply  the  Weight  of  a  cubic  foot 

the  absolute  of  Water  by  the  specific  gravity  of  a  sub- 

body^rom  *  Stance  :  the  product  will  be  the  weight  of 

its  specific  a  cubic  foot  of  that  substance. 

gravity  ? 

Thus  anthracite  coal  has  a  specific  gravity  of  1.530- 
This,  multiplied  by  the  weight  of  a  cubic  foot  of  water,  i^ooo  ounces, 
gives  1,530  ounces,  which  is  the  weight  of  a  cubic  foot  of  coal. 

262.  The  volume  or  bulk  of  any  given  weight  of 
How  can  we    a  substancc  can  also  be  readily  calculated 

ascertain  the     .  i>    •  i*  ^1  1  •  ^1 

bulk  of  a  by  dividing  the  number  expressing  the 
fromftrspe-  ^^^S^t  in  ounccs  by  the  number  express- 
cific  gravity  ?  ing  the  spccific  gravity  of  the  substance, 
omitting  the  decimal  points ;  the  quotient  will 
express  the  number  of  cubic  feet  in  the  volume  or 
bulk. 

Thus,  for  example,  if  it  be  desired  to  ascertain  the  bulk  of  a  ton  of 
iron,  it  is  only  necessary  to  reduce  the  ton  weight  to  ounces,  and 
divide  the  number  of  ounces  by  7.790,  the  specific  gravity  of  iron : 
the  quotient  will  be  the  number  of  cubic  feet  in  the  ton  weight. 

263.  If  the  particles  of  all  matter  were  perfectly 
If  the  parti-  ^^^^  ^^  move  among  themselves,  their 
cies  of  mat-    arrangement   in   space   would   always    be 

ter  were  free     ^  ^  ^  •' 

to  move,  how  in  exact  accordance  with  their  different 
arrange  Specific   gravities  ;   in   other  words,  light 

themselves?    j^Q^j^g^  q^.   those   having   a   small  specific 

gravity,  would  rest  upon  or  rise  above  all  heavier 
bodies,  or  those  possessing  a  greater  specific  gravity. 
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In  the  case  of  different  liquids,  the  particles  of  which  are  free  to 
move  among  themselves,  this  arrangement  always  exists,   ^j,at  are 
so  long  as  the  different  substances  do  not  combine   iliustrationB 
together,  by  the  force  of  chemical  attraction,  to  form  a   of  this 
compound  substance.    Thus  water  floats  upon  sulphu-   ^'"*  ^  * 
ric  acid,  oil  upon  water, 'and  alcohol  upon  oil ;  and,  by  carefully  pour- 
ing each  of  these  liquids  successively  upon  the  surface  of  the  other, 
they  may  be  arranged  in  a  glass  in  layers. 

Carbonic  acid  gas  is  heavier  than  atmospheric  air.  We  accordingly 
find  that  it  accumulates  at  the  bottom  of  deep  pits,  wells,  caverns,  and 
mines. 

This  principle  also  explains  certain  phenomena  which  at  first  seem 

opposed  to  the  law  of  terrestrial  gravity,  that  all  matter 

is  attracted  toward  the  center  of  the  earth.    We  observe    Why  does 

a  balloon 
a  balloon,  a  soap-bubble,  or  a  cloud  of  smoke  or  steam,    ascend,  or  a 

to  ascend ;  and  a  cork  or  other  light  body,  placed  at  the    cork  rise  to 

bottom  of  a  vessel  of  water,  rises  through  it,  and  swims   ^*  surface 

of  water  ? 
on  the  surface.    These  phenomena  are  a  direct  conse- 
quence of  gravitation;  the  attraction  of  which,  increasing  with  the 
quantity  of  matter,  draws  down  the  denser  air  and  water  to  occupy  the 
place  filled  by  the  lighter  bodies,  which  are  thus  pushed  up,  and  com- 
pelled to  ascend. 

264.  For  the  reason  that  the  buoyancy  of  a  liquid  is  proportioned  to 
its  density,  a  ship  will  draw  less  water,  or  sail  lighter,  by  one  thirty-fifth  in 
the  heavy  salt  water  of  the  ocean,  than  in  the  fresh  water  of  a  river : 
for  the  same  reason  it  is  easier  to  swim  in  salt  than  in  fresh  water.* 

265.  In  order  that  a  body  may  float  with  what  is 
stability,  it  is  necessary  that  its  center  of  the  stawmy 
gravity  should  be  situated  as  low  as  pos-  ^  floating 
sible. 

*  "  A  floating  body  sinks  to  the  same  depth,  whether  the  mass  of  liquid  supporting 
it  be  great  or  small;  as  is  seen  when  an  earthen  cup  is  placed  first  in  a  pond,  and  then 
in  a  second  cup  only  so  much  larger  than  itself,  that  a  very  small  quantity  of  water 
will  suffice  to  fill  up  the  interval  between  them.  An  ounce  of  water  in  this  way  may 
be  made  to  float  substances  of  much  greater  weight.  And  if  a  large  ship  were  received 
into  a  dock,  or  case,  so  exactly  filling  it  that  there  were  only  half  an  inch  of  interval 
between  it  and  the  wall  or  side  of  the  contaimng  space,  it  would  float  as  completely 
when  the  few  hogsheads  of  water  required  to  fill  this  little  interval  up  to  its  usual 
water-mark  were  poured  in,  as  if  it  were  on  the  high  seas.  In  some  canal  locks,  the 
boats  just  fit  the  place  in  which  they  have  to  rise  and  fall,  and  thus  diminish  the  quan- 
tity of  water  necessary  to  supply  the  lock."  —  A  rnott. 
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-.  FfPX.  iHi^  reason,  all  vessels  which  are  light  in  proportion  to  their 
What  is  the  ^^^^  require  to  be  ballasted  by  depositing  in  the  lowest 
use  of  ballast  portions  of  the  vessel,  immediately  above  the  keel, -a 
in  vessels  ?  quantity  of  heavy  matter,  usually  iron  or  stone.  The 
center  of- gravity  may  thus  be  brought  so  Ipw  that.no  force  of  the 
wind  striking  the  vessel  sideways  can  capsize  it.  By  raising  the 
center  of  gravity,  as  when  men  in  a  boat  stand  upright,  the  equilibrium 
is  rendered  unstable. 

^       .  -  •  A  body  floating  is  most  stable  when  it  floats  upon  its 

floating  body  gr^^^^^^  sui^ace :  thus  a  plank  floats  with  the  greatest 
in  its  most  stability  when  placed  flat  upon  the  water ;  and  its  posix 
stable  posi-       ^Jq^  jg  unstable  when  it  is  made  to  float  edgewise. 

A  solid  can  never  float  that  is  heavier,  bulk  for  bulk, 
than  the  liquid  in  which  it  is  immersed. 

How  can  a         266.  A  bodv  composcd  of  any  material, 

body  heavier  "^  "^ 

than  an  equal  howcver  heavy,  Can   be  made  to  float  on 

bulk  of  water  t-ji.  ti*.!.  ••  -j. 

be  made  to  any  liquid,  however  light,  by  givmg  it 
*®**'  such  a  shape  as  will  render  its  bulk  or  vol- 

ume lighter  than  an  equal  bulk  of  water. 

Iron  ships  and  boats  are  illustrations  of  this  principle.  A  ship 
carrying  a  thousand  tons'  weight  will  displace  just  as  much  water,  or 
float  to  the  same  depth,  whether  her  cargo  be  feathers,  cotton,  or 
iron.  A  ship  made  of  iron  floats  just  as  high  out  of  water  as  a  ship 
of  similar  form  and  size  made  of  wood,  provided  that  the  iron  be 
proportionally  thinner  than  the  wood,  and  therefore  not  heavier  on 
the  whole. 

Practical  Problems  relating  to  Specific  Gravity. 

z.  The  weight  of  a  solid  body  is  2cx>  grains,  but  its  weight  in  water  is  only  150 
grains:  what  is  the  specific  gngrity  of  the  body  ? 

Solutiopi.  —  50  grains  :=  loss  of  weight  in  water;  200  grains  (weight  in  air)  -f-  50 
=  4,  specific  gravity  required. 

2.  A  body  weighed  in  the  air  28  pounds,  and  in  water  24  pounds:  what  is  its  spe- 
cific gravity  ? 

3.  An  irregular  fragment  of  stone  weighed  in  air  78  grains,  but  lost  30  upon  being 
weighed  in  water:  what  was  the  specific  gravity  of  the  stone  ? 

4.  A  piece  of  cork  weighed  in  the  air  48  grains,  and  a  piece  of  brass  560  grains ; 
the  brass  weighed  in  water  488  grains,  and  the  brass  and  cork  when  tied  together 
weighed  in  water  336  grains.     What  was  the  specific  gravity  of  the  cork  ? 
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.5,  Hovr  much  more  matter  is  there  in  a  cubic  foot  of  sea-water  .(specific  gravity  :s 
1.626)  "(han' in  a  cubic  foot  of  fresh  water  ? 

6.  Would  a  piece  of  sted  si^k,  or  swim,  in  melted  copper  ? 

7.  If  a  cubic  foot  of  water  weigh  1,000  ounces,  what  will  be  the  weight  of  a  cubic 
foot  of  lead? 

•    8.  What  will  be  the  weight  of  a  cubic  foot  of  cork,  in  ounces  and  in  pounds  ? 

g.  How  many  cubic  feet  in  a  ton  of  gold  ? 

10.  How  many  cubic  feet  in  two  tons  of  anthracite  coal  ? 
-    ri.  How  many  cubic  feet  in  a  ton  of  cork  ? 

13.  A  fragment  of  metal  lost  five  ounces  when  weighed  in  water:  what  were  its 
dimensions,  supposing  a  cubic  foot  of  water  to  weigh  x,ooo  ouhces  ? 

Solution.  —  The  loss  of  weight  in  water,  five  ounces,  is  the  weight  of  a  bulk  of 
water  equal  to  that  of  the  body.  As  we  know  the  weight  of  a  cubic  foot  of  water,  we 
can  determine  the  number  of  cubic  inches  or  feet  in  any  given  weight,  thus:  as  1,000 
(the  weight  of  a  cubic  foot  of  water  in  ounces)  is  to  five  ounces,  so  is  1,728  (the  num- 
ber of  cubic  inches  in  a  cubic  foot)  to  8.64  cubic  inches,  the  dimensions  of  the 
fragment 

13.  Wishing  to  ascertain  the  number  of  cubic  inches  in  an  irregular  fragment  of 
stone,  it  vras  weighed  in  water,  and  its  loss  of  weight  observedNo  be  4  25  ounces. 
What  were  its  dimensions  ? 


SECTION    I. 

CAPILLARY .  ATTRACTION. 


267.  If  we  plunge  the  hand  into  a  vessel  of  water,  and  withdraw  it, 

it  is  said  to  be  wet;  that  is,  it  is  covered  with  a  thin    p.     j  •    ^^ 

film  or  coating  of  water,  which  adheres  to  it  in  oppo-    phenomena 

sition  to  the  cohesion  of  the  liquid  particles.     There  is    observed 

therefore  an  attraction    between   the    particles   of   the    J^***",^"® 

,      ,       ,        .        ,  .  ,  .  .      hand  is 

water  and    the   hand,   which,   to  a   certam    extent,   is    plunged  into 

stronger  than   the   influence  of  cohesion  between   the    different 

particles  of  the  water.  liquids. 

If  now  we  plunge  the  hand  into  a  vessel  of  quicksilver,  no  adhesion 
of  the  particles  of  the  mercury  to  the  hand  will  take  place,  and  the 
haiid,  when  withdrawn,  will  be  perfectly  dry. 

If  we  plunge  a  plate  of  gold,  however,  into  water  and  quicksilver, 
it  will  be  wet  equally  by  both,  and  will  come  out  of  the  quicksilver 
covered  with  a  white  coating  of  that  liquid. 

It  is  therefore  obvious  that  a  certain  molecular  attraction  exists 
between  certain  liquids  and  certain  solids,  which  does  not  prevail  to 
the  same  extent  between  others. 
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268.  That  variety  of  molecular  force  which  mani- 
whM  it  fests  itself  between  the  surfaces  of  solids 
attraction  ?     and  liquids  is  called  Capillary  Attraction. 

This  name  originates  from  the  circumstance,  that  this  class  of 
What  ia  the  phenomena  was  first  observed  in  small  glass  tubes,  the 
origin  of  the  bore  of  which  was  not  thicker  than  a  hair,  and  which 
term?  „gjj  hence  called  eapillary  luiei,  from  the  Latin  word 

eapillus,  which  signifies  a  hair. 

269.  If  a  body  be  placed  in  a  liquid  which  wets  it,  as  a  glass  rod 
Wh  t  '"  "'^'^''  ''^^  water  is  elevated  against  the  side  of  the 
cue*  of  solid,  as  shown  in  Fig.  101.  If,  on  the  contrary,  the 
capillary  liquid  does  not  wet  the  solid,  as  when  we  plunge  a  glass 
attraction  f  ^^  -^^^^  ^  vessel  filled  with  mercury,  the  liquid  is  de- 
pressed near  the  rod  (Fig.  lo;}.  The  same  phenomena  are  Mhibitcd 
against  the  sides'of  the  vessel  containing  the  liquid.    (Figs,  103,  104,) 


270.   In  a  capillary  tube,  a  liquid  v 


general  level  when 
pressed   below  its   level 


wets  the  tube,  and  is  de- 
when   it   does   not   wet   it. 
When  will      (Figs.       105. 

'leval=d'"  106.) 

and  when  2/1.    The 

rdepreiBed, in     ,       .      1   ^ 
a  capillary         height        tO 
tube?  which    any 

Fic.  loj.  Fig.  to6.  liquid  will  rise  in  capil- 

lary tubes  is  in  proportion  to  the  smallness  of  their 
Towhatii  diatneters ;  but  the  height  varies  with  the 
o^'witerili""  liquid  used.  If  we  represent  the  height  to 
'■^"""T  which  water  is  elevated  in  a  tube  by  lOo, 
portioned?      that  of  alcuhol  will  be  expressed  by  40.8. 
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Thus  in  two  tubes,  one  of  which  is  double  the  diameter  of  the  other, 
the  fluid  will  rise  to  twice  the  height  in  the 
small  tube  that  it  will  in  the  larger.  The 
truth  of  this  principle  can  be  made  evident 
by  the  following  beautiful  and  simple  experi- 
ment. Two  square  pieces  of  plate-glass,  C 
and  B,  Fig.  107,  are  arranged  so  that  their 
surfaces  form  a  minute  angle  at  A.  This 
position  may  be  easily  given  them  by  fast- 
ening with  wax  or  cement.  When  the  ends 
of  the  plates  are  placed  in  the  water,  as 
shown  in  the  figure,  the  water  rises  in  the 
space  between    them,   forming    the    curve 

which  is  called  an  hyperbola.  The  elevation  of  the  water  between 
the  two  surfaces  will  be  the  greatest  at  the  points  where  the  dis- 
tance between  the  plates  is  the  least.  It  will  also  be  noticed  that 
the  liquid  between  two  tubes  placed  near  each  other,  as  in  Figs.  105, 
106,  is  acted  upon  in  the  same  manner  as  the  liquid  within  the  tubes, 
but  to  a  less  degree. 

272.  If  the  surface  of  a  body  repels  a  liquid,  such  a  body,  though 
heavier,  bulk  for  bulk,  than  the  liquid,  may  under  some 
circumstances  float  upon  it;  and  so  present  an  ap- 
parent exception  to  the  general  hydrostatic  law  by  which 
solids  which  are  heavier  than  liquids,  bulk  for  bulk,  will  "P°°  water? 
sink  in  them.  An  example  of  this  may  be  shown  by  slightly  greasing 
a  fine  sewing-needle,  and  then  placing  it  carefully  in  the  direction  of 
its  length  upon  the  surface  of  water.  The  needle,  although  heavier, 
bulk  for  bulk,  than  water,  will  float. 

The  power  of  certain  insects  to  walk  upon  the  surface  of  water 
without  sinking  has  been  explained  upon  the  same  principle.  The 
feet  of  these  insects,  like  the  greased  needle,  have  a  capillary  repulsion 
for  the  water ;  and,  when  they  apply  them  to  the  surface  of  water, 
instead  of  sinking  in  it,  they  produce  depressions  upon  it. 

For  a  like  reason,  water  will  not  flow  through  a  fine  sieve,  the 
wires  of  which  have  been  greased. 

273.  A  liquid  will  not  wet  a  solid  when  the  force 
of  adhesion  developed  between  the  parti- 

1  /-ii-'i  ^     1  e  r*        When  will  a 

cles  of  the  liquid  and  the  surface  of  the  liquid  fail  to 
solid  is  less  than  half  the  cohesive  force  ^* 
which  exists  between  the  particles  of  the  liquid. 


How  may  a 
needle  be 
made  to  float 
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274.   Heat,    by  diminishing   the   cohesion    of   the 
liquid   particles   among  themselves,  favors  capillary 


action. 


What  are 
familiar 
illustrations 
ol  capillary 
attraction  ? 


Illustrations  of  capillary  attraction  are  most  familiar  in  the  expe- 
rience of  every-day  life.  The  wick  of  a  lamp  or  candle 
lifts  the  oil  or  melted  grease,  which  supplies  the  flame, 
from  a  surface  often  two  or  three  inches  below  the  point 
of  combustion.  In  a  cotton  wick,  which  is  the  material 
best  adapted  for  this  purpose,  the  minute,  separate 
fibers  of  the  cotton  themselves  are  capillary  tubes,  and  the  interstices 
between  the  filaments  composing  the  wick  are  also  capillary  tubes;  in 
these  the  oil  ascends.  The  oil,  however,  can  not  be  lifted  freely 
beyond  a  certain  height  by  capillary  attraction :  hc.ice,  when  the  sur- 
face of  the  oil  is  low  in  the  lamp,  the  flame  becomes  feeble,  or  expires. 
If  the  end  of  a  towel,  or  a  mass  of  cotton  thread,  be  immersed  in  a 

basin  of  water,  and  the  remainder 
allowed  to  hang  over  the  edge  of 
the  basin,  the  water  will  rise  through 
the  pores  and  interstices  of  the  cloth, 
and  gradually  wet  the  whole  towel. 
In  this  way  the  basin  may  be  entirely 
emptied.  A  filter  for  separating 
solid  particles  from  a  liquid  may 
be  formed  on  this  principle.  In  the 
cup  A,  Fig.  108,  is  placed  a  solu- 
tion of  acetate  of  lead.  The  short 
end  of  a  skein  of  lamp-cotton,  pre- 
viously wetted  with  distilled  water, 
is  placed  in  this  cup,  while  the  long 
end  dips  into  glass  B,  which  con- 
tains dilute  sulphuric  acid.  The 
solution  of  lead  passes  into  it,  and 
forms  with  the  acid  a  sulphate  of 
lead.  On  connecting  B  with  C  by 
means  of  another  skein  of  lamp- 
cotton,  the  clear  liquid  is  drawn  into  C,  leaving  in  B  the  solid  sul- 
phate.    The  skeins  act  as  siphons. 

If  sand,  a  lump  of  sugar,  or  a  sponge,  have  moisture  beneath  and 
slightly  in  contact  with  it,  it  will  ascend  through  the  pores  by  the 
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agency  of  capillary  attraction  in  opposition  to  gravity,  and  the  entire 
mass  will  become  wet. 

The  lower  story  of  a  house  is  sometimes  damp,  because  the 
moisture  of  the  ground  ascends  through  the  pores  of  the  materials 
con^ituting  the  walls  of  the  building.  Wood  imbibes  moisture  by 
the  capillary  attraction  of  its  pores,  and  expands  or  swells  in  conse- 
quence. This  fact  has  been  taken  advantage  of  for  splitting  stones : 
wedges  of  dry  wood  are  driven  into  grooves  cut  in  the  stone,  and,  on 
being  moistened,  swell  with  such  irresistible  force  as  to  split  the  block 
in  a  direction  regulated  by  the  groove. 

A  piece  of  dry  Honduras  mahogany  placed  in  a  saucer  containing 
a  little  turpentine  is  soon  found  to  be  wet  by  the  oil  at  the  top,  which 
may  then  be  set  on  fire. 

An  immense  weight  suspended  by  a  dry  rope  may  be  raised  a 
little  way  by  merely  wetting  the  rope  :  the  moisture  imbibed  by  capil- 
lary attraction  into  the  substance  of  the  rope  causes  it  to  swell 
laterally,  and  become  shorter. 

Capillar^'  attraction  is  also  instrumental  in  supplying  trees  and  plants 
with  moisture  through  the  agency  of  the  roots  and  underground  fibers. 

275.  The   terms   Exosmose  and  Endosmose  are  ap- 
plied to  those  currents  in  contrary  direc- 
tions  which  are  established  between  two  phenomena 

n     •  ^         r  ^^r^  1  1  of  exosmose 

fluids  of  a  ditierent  nature,  when  they  are  and  endos- 
separated  from  each  other  by  a  partition   "***■*'* 
composed  of  a  membrane,  or  any  porous  substance. 

The  name  endosmose^  derived  from  a  Greek  word,  signifies  goim^ 
///,  and  is  applied  to  the  stronger  current ;  while  the  name  exosmose^ 
s\giiiiying  going- ouff  is  applied  to  the  weaker  current. 

The  phenomena  of  endosmose  and  exosmose^  which  are  undoubtedly 
dependent  on  capillary  attraction,  may  be  illustrated  by  the  following 
simple  experiment:  If  we  take  a  small  bladder,  or  any  other  mem- 
branous substance,  and  having  fastened  it  on  a  tube  open  at  both  ends, 
as  is  represented  in  Fig.  109,  fill  the  bladder  with  alcohol,  and  immerse 
it,  connected  with  the  tube,  in  a  basin  of  water,  to  such  an  extent  that 
the  top  of  the  bladder  filled  with  alcohol  corresponds  with  the  level 
of  the  water  in  the  vessel,  in  a  short  time  it  will  be  observed  that  the 
liquid  is  rising  in  the  tube  connected  with  the  bladder,  and  will  ulti- 
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mately  reach  the  top,  and  flow  over.  This  tiaing  of  the  alcohol  in  the 
tube  is  evidently  due  to  Ibe  circumstance  Ihat  tlie  water  penneates 
through  the  bladder  with  a  certain 
degree  of  force,  producing  tlu  phe- 
nomenon  which  we  call  indosmose, 
"going  in  ;  "  the  effect  being  to  ele- 
vate the  alcohol  to  a  considerable' 
height  in  the  tube.  At  Che  same 
time  a  certain  quantity  of  the  alcohol 
has  passed  out  through  the  pores 
of  the  bladder,  and  mixed  with  the 
water  in  the  external  vessel.  This 
outward  passage  of  the  alcohol  we 
call  exasmose,  "going  out."  A  less 
quantity  of  the  alcohol  will  pass  out 
of  the  bladder  in  a  given  lime,  Co 
mingle  with  the  water,  (han  of  the 
water  will  pass  in;  and  consequent- 
ly the  bladder  containing  the  alcohol, 
having  more  liquid  in  it  than  at  first, 
becomes  strained,  and  presses  the 
liquid  up  in  the  lube. 

If  we  have  a  box  divided  by  a 

partition  of  porous  clay,  or  any  other 

_  substance  of  like  nature,  and  place 

a  quantity  of  syrup  on  one  side,  and 

water  on  the  other,  or  any  other  two  liquids  of  different  densities 

which  freely  mix  with   one   another,   currents  will   be    established 

between  the  two  in  opposite  directions  through  Che  porous  partition, 

until  both  are  thoroughly  mingled  with  each  other. 

276.  If  a  liquid  is  placed  in  contact  with  a  surface 
of  the  body,  divested  of  its  epidermis,  or  outer  skin, 
or  in  contact  with  a  mucous  membrane,  the  liquid 
will  be  absorbed  into  the  vessels  of  the  body  through 
the  force  of  endosmose. 

whatKdii-       277.  If  mercury  and  water  be  brought 
furiaar  together  in  the  same  vessel  they  will  not 
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combine,  but  remain  separate.  In  the  case  of  alco- 
hol and  water,  the  two  liquids  gradually  intermix. 
This  latter  operation  is  called  diffusion. 

Diffusion  occurs  in  both  liquids  and  gases,  but  is  a  more  essential 
property  of  gases.    A  gas  is  believed  to  consist  of  solid   \^hat  is  the 
and  perfectly  elastic  particles  or  atoms,  which  move  in   theory  of 
all  directions,  and  with  different  degrees  of  velocities  in   diffusion  ? 
different  gases.     When  confined  in  a  vessel,  the  particles  are  con- 
stantly beating  against  the  sides  of  the  containing  vessel  and  against 
each  other ;  but  they  lose  no  part  of  their  motion,  because  they  are 
perfectly  elastic.    If  the  sides  of  the  vessel  be  porous,  the  gas  passes 
through  the  pores,  and  escapes.    At  the  same  time  the  external  air 
or  gas  passes  inwards,  and  takes  the  place  of  that  which  leaves  the 
vessel. 

Practical  Questions  and  Problems  in  Hydrostatics. 

1.  Why  are  stones,  gravel,  and  sand  so  easily  moved  by  waves  and  currents  f 
Because  the  moving  water  has  only  to  overcome  about  half  the 

weight  of  the  stone. 

2.  Why  can  a  stone  which  on  land  requires  the  strength  of  two  men  to  lift  it,  be 
lifted  and  carried  in  water  by  one  man  ? 

Because  the  water  holds  up  the  stone  with  a  force  equal  to  the 
weight  of  the  volume  of  water  it  displaces. 

3.  Why  does  cream  rise  upon  milk  ? 

Because  it  is  composed  of  particles  of  oily  or  fatty  matter,  which 
are  lighter  than  the  watery  particles  of  the  milk. 

4.  How  are  fishes  able  to  ascend  and  descend  quickly  in  water  ? 

They  are  capable  of  changing  their  bulk  by  the  voluntary  disten- 
sion or  contraction  of  a  membranous  bag,  or  air-bladder,  included  in 
their  organization.  When  this  bladder  is  distended,  the  fish  increases 
in  size,  and  being  of  less  specific  gravity,  i.e.,  lighter,  it  rises  with 
facility :  when  the  bladder  is  contracted,  the  size  of  the  fish  dimin- 
ishes, and  its  tendency  to  sink  is  increased. 

5.  Why  does  the  body  of  a  droMmed  person  generally  rise,  and  float  upon  the  sur- 
face, several  days  after  death  ? 

Because,  from  the  accumulation  of  gas  within  the  body  (caused 

by  incipient  putrefaction),  the  body  becomes  specifically  lighter  than 

water,  and  rises,  and  floats  upon  the  surface. 
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6.  How  are  life-boats  prevented  from  sinking  ? 

They  contain  in  their  sides  air-tight  cells,  or  boxes,  filled  with  air, 
which  by  their  buoyancy  prevent  the  boat  from  sinking,  even  while  it 
is  filled  with  water. 

7.  Why  does  blotting-paper  absorb  ink  ? 

The  ink  is  drawn  up  between  the  minute  fibers  of  the  paper  by 
capillary  attraction. 

8.  Why  will  not  writing,  or  sized,  paper,  absorb  ink  ? 

Because  the  sizing,  being  a  species  of  glue  into  which  writing- 
papers  are  dipped,  fills  up  the  little  interstices,  or  spaces,  between  the 
fibers,  and  in  this  way  prevents  all  capillary  attraction. 

g.  Why  is  vegetation  on  the  margin  of  a  stream  of  water  more  luxuriant  than  in 
an  open  Aeld  ? 

Because  the  porous  earth  on  the  bank  draws  up  water  to  the  roots 
of  the  plants  by  capillary  attraction. 

10.  Why  do  persons  who  water  plants  in  pots  frequently  pour  the  water  into  the 
saucer  in  which  the  pot  rests,  and  not  over  the  plants  ? 

Because  the  water  in  the  saucer  is  drawn  up  by  capillary  attraction 

through  the  little  interstices  of  the  mold  with  which  the  pot  is  filled, 

and  is  thus  presented  to  the  roots  of  the  plant. 

11.  Why  does  dry  wood,  immersed  in  water,  swell  ? 

Because  the  water  enters  the  pores  of  wood  by  capillary  attraction, 
and  forces  the  particles  farther  apart  from  each  other. 

X2.  Why  will  water,  ink,  or  oil,  coming  in  contact  with  the  edge  of  a  book,  soak 
farther  in  than  if  spilled  upon  the  sides  ? 

Because  the  space  between  the  leaves  acts  in  the  same  manner  as  a 
small  capillary  tube  would,  —  attracts  the  fluid,  and  causes  it  to  pene- 
trate far  inward.  The  fluid  penetrates  with  more  difficulty  upon  the 
side  of  the  leaf,  because  the  pores  in  the  paper  are  irregular,  and  not 
continuous  from  leaf  to  leaf. 

13.  In  a  hydrostatic  press,  the  area  of  the  base  of  the  piston  in  the  force-pump  is 
one  square  inch,  and  the  area  of  the  base  of  the  piston  in  the  large  cylinder  is  fourteen 
square  inches:  what  will  be  the  force  exerted,  supposing  a  power  of  eight  hundred 
pounds  applied  to  the  piston  of  the  force-pump  ? 

14.  A  flood-gate  is  five  feet  in  breadth,  and  sixteen  feet  in  depth:  what  will  be  the 
pressure  of  water  upon  it  in  pounds  ? 

15.  What  pressure  will  a  vessel,  having  a  superficial  area  of  three  feet,  sustain 
when  lowered  into  the  sea  to  the  depth  of  five  hundred  feet  ? 

16.  What  pressure  is  exerted  upon  the  body  of  a  diver  at  the  depth  of  sixty  feet, 
supposing  the  superficial  area  of  his  body  to  be  two  and  a  half  square  yards  ? 

17.  What  will  be  the  pressure  upon  a  dam,  the  area  of  the  side  of  which  is  one 
hundred  and  fifty  superficial  feet,  and  the  height  of  the  side  fifteen  feet,  the  water  rising 
even  with  the  top  ? 
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CHAPTER   Vni. 
HYDRAULICS. 

278.  Hydraulics  is  that  department  of 
physical  science  which  treats  of  the  laws 
and  phenomena  of  liquids  in  motion/ 

Hydraulics  considers  the  flow  of  liquids  in  pipes,  ihrough  orifices 
in  the  sides  of  reseivoirs,  in  rivers,  canals,  &c.,  and  the  construction 
and  operation  of  all  machine?  and  engines  which  are  concerned  in  the 
motion  of  liquids. 

279.  When  an  opening  is  made  in  a  uponwhM 
reservoir  containing  a  liquid,  it  will  jet  vSociiyoi 
out  with  a  velocity  proportioned  to  the  fj"^'"" 
depth  of  the  aperture  below  the  surface.  depend? 

Supposing  ihe  surface  of  water  in  a  vessel,  D,  Fig.  1 10,  to  be  kept 
at  a  constant  height  by  the  water  flowing  into 
it,  and  that  ihe  water  flows  out  through  o|)eu- 
ings  in  the  side  of  precisely  the  same  si^e . 
then  a  quart-measure  would  be  filled  from  [he 
jet  issuing  from  B  as  soon  as  a  pint-measure 
from  the  upper  opening,  A. 

As  the  flow  of  liquids  is  in  consequence  of 
the  attraction  of  gravity,  and  as  the  pressure  of    1 
a  liquid  is  equal  in  all  directions,  we  have  [he 
following  principle  established :  — 
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280.  The  velocity  which  the  particles  of  a  liquid 
What  is  the  acquire  when  issuing  from  an  orifice, 
liqi^^flow*  whether  sideways,  upward,  or  downward, 
ingfroma      jg   qq^q\  to  that  which  they  would   have 

reservoir  *■  ^  ^  ■' 

equal  to  ?  acquircd  in  falling  perpendicularly  through 
a  space  equal  to  the  depth  of  the  aperture  below  the 
surface  of  the  liquid. 

Thus,  if  an  aperture  be  made  in  the  bottom  or  side  of  a  vessel 
containing  water,  sixteen  feet  below  the  surface,  the  velocity  with 
which  the  water  will  jet  out  will  be  thirty-two  feet  per  second ;  for  this 
is  the  velocity  which  a  body  acquires  in  falling  through  a  space  of 
sixteen  feet. 

As  the  velocity  acquired  by  a  falling  body  is  as  the  square  root  of 
the  space  through  which  it  falls,  the  velocity  with  which  water  will 
issue  from  an  aperture  may  be  calculated  by  the  following  rule :  — 

How  may  28 1.  The    vclocity    with    which    water 

the  velocity  ^  ^   r  _^  •  1 

of  a  liquid  spouts  out  irom  any  aperture  in  a  vessel 
flowing  from  jg  ^^  ^he  square  root  of  the  depth  of  the 

a  reservoir  be  ^  ^ 

calculated?     aperture  below  the  surface  of  the  water. 

The  water  must  therefore  flow  with  ten  times  greater  velocity  froin 
an  opening  one  hundred  inches  below  the  level  of  the  liquid,  than 
from  a  depth  of  only  one  inch  below  the  same  level. 

282.  The  theoretical  law  for  determining  the  quantity 
«i    **«  2?*     °^  water  discharged  from  an  orifice  is  as  follows :  — 

mi^i'ngthlT"  '^^^  quantity  of  water  discharged  from 
quantity  of     ^u  orifice  in  cach  second  may  be  calculated 

water  dis-  -' 

charged  from  by  multiplying  the  velocity  by  the  area  of 

an  aperture?     ^, 

the  aperture. 

The  above  rules  for  calculating  the  velocity  and  quantity  of  water 
flowing  from  orifices  are  not  found  strictly  to  hold  good  in  practice. 
The  friction  of  water  against  the  sides  of  vessels,  pipes,  and  apertures, 
and  the  formation  of  what  is  called  the  "  contracted  vein,"  tend  very 
much  to  diminish  the  motion  and  discharge  of  water. 
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What  is  the 
''contracted 
vein"  in  a 
current  of 
water  ? 


Fig.  zzi. 


When  water  flows  through  a  circular  aperture   in  a  vessel,  the 
diameter   of  the   issuing  stream   is   con- 
tracted,  and  attains  its  smallest  dimen- 
sions at  a  distance  from  the  orifice  equal 
to  the  diameter  of  the  orifice  itself.    The 
section  of  the  jet  at  this  point,  Fig.  iii, 
s  y,  will  be  about  two-thirds  of  the  magnitude  of  the 
orifice.    This  point  of  greatest  contraction  is  called  the 
vena  contracta,  ox  contracted  vein. 

This  phenomenon  arises  from  the  circumstance  that  a  liquid  con- 
tained in  a  vessel  rushes  from  all  sides  toward  an  orifice,    „,^  ^ . 
r  r  .  r«.  What  18 

so  as  to  form  a  system  of  convergmg  currents.    These,    the  cause 

issuing  out  in  oblique  directions,  cause  the  shape  of  the    of  this  phc- 
stream  to  change  from  the  cylindrical  form,  and  contract   o*^™*******  ^ 
it  in  the  manner  described. 

By  the  attachment  of  suitable  tubes  to  the  aperture,  the  effect  of 
the  contracted  vein  may  be  avoided,  and  the  quantity  of 
flowing  water  be  very  greatly  increased.  A  short  pipe 
will  discharge  one-half  more  water  in  the  same  time 
than  a  simple  orifice  of  the  same  dimensions.  The 
tube,  however,  must  be  entirely  without  the  vessel,  as  at 
B,  Fig.  112;  for  if  con- 
tinued 

the    quantity 
discharged 
ished    instead 
mented. 

The  rapidity  of  the  discharge  of  the  water  will  also  depend  much 
on  the  figure  of  the  tube,  and  that  of  the  bottom  of  the  vessel ;  since 
more  water  will  flow  through  a  conical  or  bell-shaped  tube,  as  at  C, 
Fig.  112,  than  through  a  cylindrical  tube.  A  still  further  advantage 
may  be  gained  by  having  the  bottom  of  the  vessel  rounded,  as  at  D, 
and  the  tube  bell-shaped. 

An  inch  tube  of  two  hundred  feet  in  length,  placed  horizontally, 
will  discharge  only  one-fourth  as  much  water  as  a  tube  of  the  same 
dimensions  an  inch  in  length ;  hence,  in  all  cases  where  it  is  proposed 
to  convey  water  to  a  distance  in  pipes,  there  will  be  a  great  disappoint- 
ment in  respect  to  the  quantity  actually  delivered,  unless  the  engineer 
takes  into  account  the  friction,  and  the  turnings  of  the  pipes,  and 
makes  large  allowances  for  these  circumstances.    If  the  quantity  to 
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the  effect  of 
the  con- 
tracted vein 
be  avoided  ? 


inside,  as  at  A,  I 
lantity  of  liquid  I 
ged  will  be  dimin-         | 
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Fig.  112. 
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be  actually  delivered  ought  to  till  a  two-inch  pip«,  one  of  three  inches 
will  not  be  too  great  an  allowance,  if  the  water  is  to  be  conveyed  to 
any  considerable  distance. 

In  practice  it  will  be  found  that  a  pipe  of  two  inches  in  diameter, 
one  hundred  feel  long,  will  discharge  about  five  times  as  much  water 
as  one  of  one  inch  in  diameter,  of  the  same  length,  and  under  the  same 
pressure.    This  difference  is  accounted  for  by  supposing  that  both 
tubes  retard  the  motion  of  the  fluid,  by  friction,  at  equal  distances 
from  their  inner  surfaces,  and  consequently  the  effect  of  this  cause  is 
much  greater  in  proportion  in  the  small  tube  than  in  the  large  one. 
As   the  velocity  with  which   a  stream  issues  depends   upon   the 
height  of  the  column  of  fluid,  it  fol- 
lows that  when  a  liquid  flows  from  a 
reservoir  which  is  not   replenished, 
but  the  level  of  which  constantly  de- 
scends, its  velocity  will  be  uniformly 
retarded.      The  following   principle 
has  been  established  ;  — 

283.  If  a  vessel  be  filled 
whaiwiiibc  wjth  a  liquid,  and 
fn'tSL'^^ot  allowed  to  dis- 
>iiquidwhe»  charge  itself,  the 

the  vcHCl  li  ° 

kept  luu,  and  quantity  issuing 
■iioweiiio  from  an  orifice  in 
empiyitaeif?  ^  given  time  will 
be  just  one-half  what  would 
be  discharged  from  the  same 
orifice  in  the  same  time  if 
the  vessel  was  kept  con- 
stantly full. 

Before  the  invention  of  clocks  and 
watches,  the  flow  of  water  through 
Pi^   J  small  orifices  was  applied  by  the  an- 

cients for  the  measurement  of  time, 
and  an  arrangement  for  this  purpose  was  called  a  Chpsydra,  ax  water- 
clock.    One  form  of  this  instrument,  shown  in  Fig.  113,  consists  of  a 
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cylindrical  vessel  filled  with  water,  and  furnished  with  an  orifice  which 

would  discharge  the  whole  water  into  a  reservoir  at  the    ...^  ^  .     ^ 

.    J      r  ,        ,  rr,,  /-  What  IS  the 

base   m   a  period  of  twelve   hours.     The  two   figures    principle  and 

which  appear  on  the  base  are  supported  on  a  float,  rest-    construction 

ing  on  the  surface  of  the  water  in  the  reservoir,  and    °   **'^^**®'- 

*  '  clock? 

rising  with  it.     One  of  the  figures  holds  a  wand,  which 

points  to  a  divided  scale  upon  the  column;  and,  as  the  figure  is  raised 

with  the  float,  the  wand  points  to  the  successive  hour-lines. 

284.  The   force    of    currents,    whether  in    pipes, 
canals,  or  rivers,  is  more  or  less  resisted.  How  is  the 
and  their  velocity  retarded,  by  the  friction  water*in° 
which  takes  place  between  those  surfaces  v^p^^^ 

'^  rivers 

of   the  liquid  and  the  solid  which  are  in  retarded? 
contact. 

This  explains  a  fact  which  may  be  observed  in  all  At  what  part 

rivers, — that  the  velocity  of  a  stream  is  always  greater  f^*^  ream  is 

at  the  center  than  near  the  bank,  and  the  velocity  at  the  greatest  ? 
surface  is  greater  than  the  velocity  at  the  bottom. 

285.  If    a    given    quantity    of    liquid    must    pass 
through    pipes    or   channels    of    unequal  in  a  channel 
section  in  the  same  time,  its  velocity  will  of  ""equal 

'  ...         section,  how 

increase  as  the  transverse  section  dimin-  wiiithe 
ishes,   and   diminish    as    the   area   of   the  current  be 

A.'  affected? 

section  increases. 

This  fact  is  familiar  to  every  one  who  observes   the   course  of 

brooks   or  rivers :  wherever  the  bed  contracts,  the  current  becomes 

rapid,  and  on  the  contrary,  if   it  widens,  the   stream  becomes  more 

sluggish. 

286.  A   very   slight    declivity   is    sufficient    to    give    What  incli- 
^.       ^  .  ^  rr.!  •     i_       .  -1     •     „    nation  is  suf- 

motion  to  runnmg  water.     Three  niches  to  a  mile  m  a    gcient  to  give 

smooth,  straight  channel,  gives  a  velocity  of  about  three    motion  to 

miles  per  hour.      The  velocitv  of   rivers  is  extremelv    running 

variable ;   the   slower  class  moving  from  two  to  three 

miles  per  hour,  or  three  or  four  feet  per  second,  and  the  more  rapid 

as  much  as  six  feet  per  second. 
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287.  When  one  portion  of  a  liquid  is  disturbed, 

the  disturbance  (in  consequence  of  the 
waves  upon  freedom  with  which  the  particles  of  a 
surfaces  liquid  move  upon  each  other)  is  commu- 
formcd?  nicated  to  all  the  other  portions,  and  a 
wave  is  formed.  This  wave  propagates  itself  into 
the  unmoved  spaces  adjoining,  continually  enlar- 
ging as  it  goes,  and  forming  a  series  of  undula- 
tions. 

288.  Ordinary  sea-waves  are .  caused  by  the  wind 
wh  •  h  pressing  unequally  upon  the  surface  of 
origin  of  sea-  the  Water,  depressing  one  part  more  than 

waves?  .  , 

another:  every  depression  causes  a  cor- 
responding elevation. 

When  the  water  is  of  sufficient  depth,  waves  have  only  a  vertical 
motion,  i.  e.,  up  and  down.    Any  floating  body,  as  a 
Does  the  sub-    ^^^Qy^  floating  on  a  wave,  is  merely  elevated  and  de- 
wave  actu-       pressed  alternately:   it  does   not  otherwise   change  its 
ally  advance,    place.    The  apparent  advance  of  waves  in  deep  water 

or  is  It  sta-        jg  ^^  ocular  deception  :    the   same   as  when   a  cork- 
tionary  ? 

screw  is  turned  round,  the  thread,  or  spiral,  appears 

to  move  forward. 

Corresponding  parts  of  the  waves  are  called  like  phases.  The  dis- 
tance between  like  phases,  or  from  crest  to  crest,  or  depression  to 
depression,  is  called  an  entire  phase ^  or  a  wave-length. 

289.  When  two  systems  of  waves,  coming  from  different  centers, 
meet,  some  curious  effects  are  produced.  If  like  phases 
interfe  e  ce  ?  '^^  ^^^^  systems  coincide,  or  if  the  crests  of  one  system 
coincide  with  the  crests  in  the  other,  the  resulting  wave 
will  be  equal  to  the  sum  of  the  two  originals.  But,  if  the  crest  of  one 
system  coincides  with  the  depression  of  the  other,  the  new  wave  will 
be  equal  to  the  difference  of  the  two  originals.  Hence,  as  like  or 
unlike  phases  coincide,  the  waves  will  be  strengthened,  lessened,  or 
even  obliterated.  This  phenomenon  is  called  the  interference  of  waves. 
The  principle  involved  will  be  employed  in  discussing  sound  and 
Hght 
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29a  A  wave  is  a  form,  not  a  thing :  the  form  advances,  but  not  the 
substance  of  the  wave.    When,  however,  a  rock  rises 
to  the  surface,  or  the  shore  by  its  shallowness  prevents   ^^vcs 
or  retards  the  oscillations  of  the  water,  the  waves  form-   always  break 
ing  in  deep  water  are  not  balanced  by  the  shorter  undu-   *«»in8t  the 
lations   in    shoal-water,  and    they  consequently   move 
forward,  and  form  breakers.    Thus  it  is  that  waves  always  break 
against  the  shore,  no  matter  in  what  direction  the  wind  blows. 

When  the  shore  runs  out  very  shallow  for  a  great  distance,  the 
breakers  are  distinguished  by  the  name  of  surf. 

On  the  Atlantic,  during  a  storm,  the  waves  have  been  observed  to 
rise  to  a  height  of  about  forty-three  feet  above  the  hollow  occupied  by 
a  ship ,  the  total  distance  between  the  crests  of  two  large  waves  being 
five  hundred  and  fifty-nine  feet,  which  distance  was  passed  by  the 
wave  in  about  seventeen  seconds  of  time. 

291.  The  resistance  which  a  liquid  op-  How  docs 
poses  to  a  sohd  body  moving  through  it  ante  o?  a 
varies  with  the  form  of  the  body.  ioi^^moving 

The  resistance  which  a  plane  surface  meets  with    y™"' 
while  it  moves  in  a  liquid,  in  a  direction  perpendicular 
to  its  plane,  is,  in  general,  proportioned  to  the  square  of  its  velocity. 

If  the  surface   of  a  solid  moved  against  a  liquid  be  presented 
obliquely  with  respect  to  the  direction  of  its  motion, 
instead  of  perpendicularly,  the  resistance  will  be  modi-    Whatadvan- 
fied  and  diminished ;   the  quantity  of  liquid  displaced    oblique  sur- 
will  be  less ;  and  the  surface,  acting  as  a  wedge,  or  in-   face  in  mov- 
clined  plane,  will  possess  a  mechanical  advantage,  since    *°*f  "^"f^** 
fh  displacing  the  liquid  it  pushes  it  aside,  instead  of 
driving  it  forward. 

The  determination  of  the  particular  form  which  should  be  given  to 
a  mass  of  matter,  in  order  that  it  may  move  through  a  liquid  with  the 
least  resistance,  is  a  problem  of  great  complexity  and  celebrity  in  the 
history  of  mathematics,  inasmuch  as  it  is  connected  with  nearly  all 
improvements  in  navigation  and  naval  architecture.  The  principles 
involved  in  this  problem  require  that  the  length  of  a  vessel  should 
coincide  with  the  direction  of  the  motion  imparted  to  it ;  and  they  also 
determine  the  shape  of  the  prow  and  of  the  surfaces  beneath  the 
water.    Boats  which  navigate  still  waters,  and  are  not  intended  to 
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carry  a  great  amount  of  freight,  are  so  constructed  that  the  part 
of  the  bottom  immersed  moves  against  the  liquid  at  a  very  oblique 
angle. 

Vessels  built  for  speed  should  have  the  greatest  possible  length, 
with  merely  the  breadth  necessary  to  stow  the  requisite  cargo. 

The  form  and  structure  of  the  bodies  of  fishes  in  general  are  such 
as  to  enable  them  to  move  through  the  water  with  the  least  resist- 
ance. 

292.  In  the   paddles  of  steamboats,  that  one   is  only  completely 

effectual  in  propelling  the  vessel  which  is  vertical  in  the 
the  paddles  water,  because  upon  that  one  alone  does  the  resistance 
of  a  steam-  of  the  water  act  at  right  angles,  or  to  the  best  advan- 
boat  most         tage.     In  the  propulsion  of  steamboats  it  is  found  that 

paddle-wheels  of  a  given  diameter  act  with  the  greatest 
effect  when  their  immersion  does  not  exceed  the  width,  or  depth,  of 
the  lowest  paddle-board  ;  their  effect  also  increases  with  the  diameter 
of  the  wheel. 

The  amount  of  power  lost  by  the  use  of  the  paddle-wheel  as  a 
Is  the  paddle-  "^^^^^^  ^^  propelling  vessels  is  very  great,  since,  in  addi- 
wheel  an  ad-  tion  to  the  fact  that  only  the  paddle  which  is  vertical  in 
vantageous  the  water  is  fully  effective,  the  series  of  paddles  in  de- 
applyin?  scending  into  the  water  are  obliged  to  exert  a  downward 

power  for  pressure,  which  is  not  available  for  propulsion,  and,  in 

propelling         ascending,  to  lift  a  considerable  weight  of  water  that 

opposes  the  ascent,  and  adheres  to  the  paddles.  The 
rolling  of  the  vessel,  also,  renders  it  impossible  to  maintain  the  paddles 
at  the  requisite  degree  of  immersion  necessary  to  give  them  their 
greatest  efficiency ;  one  wheel  on  one  side  being  occasionally  immersed 
too  deeply,  while  the  other  wheel,  on  the  other  side,  may  be  lifted 
entirely  out  of  water. 

293.  To  remedy  in  some  degree  these  causes  of  inefficiency  and 

waste,  the  submerged  propelling-wheel,  known  as  the 
construction  screw-propeller,  is  employed.  The  screw-propeller  con- 
and  action  of  sists  of  a  wheel  resembling  in  its  form  the  threads  of  a 
the  screw-        screw,   and   rotating  on  an  axle.     It   is  placed  in  the 

stern  of  the  vessel,  below  the  water-line,  immediately  in 
front  of  the  rudder.  Fig.  114  represents  one  form  of  the  screw- 
propeller,  and  its  location  in  reference  to  the  other  parts  of  the 
vessel. 

The  manner  in  which  the   screw-propeller  acts  in  impelling  the 
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vessel  forward  may  be  im<1erstqo(i  by  supposing  (he  wheel  to  be  an 
ordinary  screw,  and  the  water  surrounding  it  a  solid  substance.    By 
taming  the  screw  in  one  direction  or  the  other,  il  would  move  through 
the  water,  carrying  the  vessel  with  it,  and  the  space  through  which  it 
would  move  in  each 
revolution   would  be 
equal  to  the  distance 
between  two  contigu- 
ous   threads    of   the 
strew.      In  fact,  the 
water  would  act  as  a 
fixed    nut.  in  which 
the  screw  would  turn- 
But     the    water,    al- 
though  not   tixed   in 
its  position,  as  a  solid 

nut,  yet  offers  a  con-  P^ 

siderable     resistance 

to  the  motion  of  the  screw-wheel ;  and  as  the  wheel  turns,  drivii^ 
the  water  backward,  the  re-action  of  the  water  gives  a  propulsion  to 
the  vessel  in  a  contrary  direction,  or  forward. 

The  great  advantage  of  the  screw-propeller  is,  that  What  Is  (he 
its  action  on  the  water  will  be  the  same,  no  matter  to  ^l"^^,^' 
what  degree  it  may  be  immersed  in  it,  or  how  the  icrew-pco- 
position  of  the  vessel  on  the  surface  of  the  water  may    pellar  over 

294.  The  application  of  the  force  of  water  in  motion 

for  imjwlling  machinery  is  moat  extensive  and  familiar.  The  simplest 
method  of  applying  this  force  as  a  mechanical  agent  is 

by  means  of  wheels,  which  are  caused  to  revolve  by  the  gj^^^VM' 

weight,  or  pressure,  of  the  water  applied  to  their  cir-  method  of 

cumferences.    These  ivheels  are  mounted  u|K)n  shafts,  uBinjwMer 

or  axles,  which  are  iu  turn  connected  with  the  machinery  "^^Jg^p  "' 
to  which  motion  is  to  be  ini]jarlcd. 

295.  The  water-wheels  at  present  mo-st  into  how 
generally  used   may  be  divided  into  four  TrewBte'"" 
classes,  —  the  Undershot,  ihe  Overshot,  the  ^^"1^, 
Breaat-Wheel,  and  the  Turbine  Wheel.  ■ 


t6o 


NATURAL    PHILOSOPHY. 


construction 
of  an  under- 
shot wheel. 


296.  The  undershot  wheel  consists  of  a  wheel,  on  the  circumference 
_  ..  .  of  which  are  fixed  a  number  of  flat  boards  called  ^^ float- 
boards^''  at  equal  distances  from  each  other.  It  is 
placed  in  such  a  position  that  its  lower  floats  are  im- 
mersed in  a  running  stream,  and  is  set  in  motion  by  the 
impact  of  the  water  on  the  boards  as  they  successively  dip  into  it    A 

wheel  of  this  kind  will  revolve  in  any 
stream  which  furnishes  a  current  of 
sufficient  power.  Fig.  115  represents 
the  construction  of  the  undershot 
wheel. 

This  form  of  wheel  is  usually  placed 
in  a  "race-wa)',"  or  narrow  passage, 
in  such  a  manner  as  to  receive  the 
full  force  of  a  current  issuing  from 
the  bottom  of  a  dam,  and  striking 
against  the  float-boards.  And  it  is  im- 
portant to  remember  that  the  moving 
power  \z  the  same,  whether  water  falls  downward  from  the  top  of  a 
dam  to  a  lower  level,  or  whether  it  issues  from  an  opening  made 
diiectlyat  the  lower  level.  This  will  be  obvious,  if  it  is  considered 
thitt  the  force  with  which  water  issues  from  an  opening  made  at  any 
point  in  the  dam  will  be  equal  to  that  which  it  would  acquire  in  falling 
from  the  surface  or  level  of  the  water  in  the  dam  down  to  the  same  point. 
What  pro-  The   undershot  wheel   is   a    most    disadvantageous 

portion  of         method  of  applying  the  power  of  water,  not  more  than 

power  IS    lost  rr    ^        o 


Fig. 


11: 


by  the  under 
shot  wheel  ? 


twenty-five  per  cent  of  the  moving  power  of  the  water 
being  rendered  available  by  it. 
297.  In  the  overshot  wheel,  the  water  is  received  into  cavities  or  cells, 

called  "  buckets,"  formed  in  the  circum- 
ference of  the  wheel,  and 
so  shaped  as  to  retain  as 
much  of  the  water  as  pos- 
sible, until  they  arrive  at 

the  lowest  part  of  the  wheel,  where  they 

empty  themselves.     The  buckets  then 

ascend  empty  on  the  other  side  of  the    .: 

wheel,  to    be    filled   as   before.     The 

wheel  is  moved  by  the  weight  of  the 

water  contained  in  the  buckets  on  the  descending  side.     Fig.  116  rep- 
resents an  overshot  wheel. 


Describe  the 
construction 
of  the  over- 
shot wheel. 


Fig.  116. 
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Tb«  overshot  wheel   is  one  of  the   most   effectiTe  wiiai 

varieties  of  water-wheels,  and   receives  its  name  from  partlc 

the  circumstance  that  the  water  shoots   over  it.      It  "^J.' 

requires  a  fall  in  the  stream,  rather  higher  than  its  own  utiliii 
diameter-    Wheels  of  this  kind,  when  well  constructed, 
utilize  nearly  three-fourths  of  the  moving  force  of  the 

298,  The  breast-wheel  may  be  considered  as  a  variety  intermediate 
between     the     overshot   ue^ribethe 
and    the     undershot   conminiction 
wheels.      In   this   the    ■>( thebnasi- 
water,  instead  of  falling 
on  the  wheel   from  above,  or  passing 
entirely   beneath  it,  is  delivered   just 
below  the  level  of  the  axis.    The  race- 
way, or  passage  for  the  water  to  de- 
scend upon  the  side  of  the  wheel,  is 
built  in  a  circular  form,  to  lit  the  cir- 
cumference   of    the   wheel ;  and    the  p„  „, 
water  thus  inclosed  acts   partially  by 

its  weight,  and  partially  by  its  impulse  or  momentum.     Fig.  1 17  repre- 
sents a  breast-wheel,  with  its  circular  race-way. 

The  breast- wheel,  when  well  constructed,  will  utilize  about  sixty-five 
per  cent  of  the  moving  power  of  the  water.  It  is  more  efficient  than 
the  undershot  wheel,  but  less  than  the  overshot.  It  is  therefore  only 
Hied  where  the  fall  happens  to  be  particularly  adapted  for  it. 

299-  The  fourth  class  of  water-wheels,  the  "  turbine,"  or  "  tour- 
tnne,"  is  a  wheel  of  modern  invention,  and  is  ihe  most  powerful  and 
economical  of  all  water-engines. 

The  principles  of  the  construction  and  action  of  the  turbine  wheel 
may  be  best  understood  by  a  previous  examination  of   „     ^^     .. 
the  construction    of    another  water-engme    known    as   constiuctlan 
"Barker's  mill."    (See  Fig.  118,)     This  consists  of  an   o[B»ricer'i 
upright  tube  or  cylinder,  furnished  with  a  smaller  cross- 
tube  at  the  bottom,  and  enlarged  into  a  funnel  at  the  top.    The  whole 
cylinder  is  so  supported  upon  pivots  at  the  top  and  bottom,  that  it 
revolves  freely  about  a  vertical  axis.     It  is  evident,  if  there  are  no 
openings  in  the  ends  of  the  cross-tubes,  and  the  whole  is  filled  with 
water,  thai  the  entire  arrangement  will  be  simply  that  of  a  close  vessel 
filled  with  water,  without  any  tendency  to  motion.     If,  however,  the 
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ends  of  the  anns,  or  cross-tube,  have  openings  on  the  sides,  opposite 
to  one  another,  as  is  represented  in  Ihe  figure,  (he  sides  of  Ihe  tube  on 
which  the  openings  are  will 
be  relieved  from  the  pressure 
o£  the  column  of  water  in  the 
upright  tube  by  the  water 
flowing  out,  while  the  press- 
ure on  the  sides  opposite  to 
them,  which  have  no  open- 
ings, will  remain  the  same. 
The  machine,  therefore,  will 
revolve  in  the  direction  of 
the  greater  pressure;  that 
is,  in  a  direction  contrary  to 
that  of  the  jets  of  water. 
A  supply  of  water  poured 
into  the  funnel-head  keeps 
the  cylinder  full,  and  the 
pressure   of   the  column  of 

The  action  of  this  ma- 
chine may  also  be  explained 
according  lo  another  view : 
The  pressure  of  the  column 
of  water  in  the  upright  lube 

projected  in  jels  from  the 
openings  at  the  ends  of  the 
arms  in  opposite  directions. 
The  water  discharged  i>^- 
_         .  acts  upon  the  tube,  upon  the 

same  principle  as  the  dis- 
charge of  a  gun  produces  a  recoil  ("  kick  back  "),  and  causes  the  tube 
to  revolve  upon  its  vertical  axis. 

The  turbine  wheel  derives  its  motion,  like  the  Barker's  mill,  from 
action  of  ihe  pressure  of  a  column  of  water.  Fig. 
-,ho«s  the  outward  appearance  of  the  wheel,  and 
.  1 19  a  section  of  the  wheel  and  outer  casing.  It 
sists  of  a  filed  horizonlal  cylinder,  A,  Fig.  120,  in 
center  of  which  the  water  enters  from  an  upright 


Describe  the 


HYDRAULICS.  163 

lube  or  cylinder,  corresponding  in  posiiion  lo  Ihe  upright  cylinder  of 
a  Barker's  mill.  The  water  descending  in  the  tube  diverges  from  the 
center  in  every  directioi,  Ihrough  curved  water-channels,  or  compart- 
ments, A  and  B,  formed  in  Ihe  horiiontal  cylinder,  and  escapes  at  Ihe 
circumference.  Around  the  fixed  horizontal  cylinder,  a  horizontal 
wheel  D,  in  Ihe  form  of  a  ring  or  circle,  is  fitted,  with  its  rim  formed 
into  compartments  exactly  similar  to  Ihe  compartments  nf  the  fixed 
cylinder,  with  the  exception  that  their  sides  curve  In  an  opposite 
direction.  The  water  issuing  from  the  guide-curves  B  strikes  against 
the  curved  compartments  of  the  wheel  C  D.  and  causes  it  lo  revolve. 
The  wheel,  by  attachments  beneath  Ihe  lixed  cylinder  A,  is  connected 
with  a  shaft  which  passes  up  through  the  fixed  and  uptight  cylinder, 
and  by  which  motion  is  imparted  to  machinery. 


Fk.  119.  tic.  ISO. 

The  turbine  wheel  may  be  used  to  advantage  with  a  fall  of  water  of 
any  height,  and  will  uliliie  more  of  Ihe  force  of  the  moving    yf^^^^  [^  ,,,^ 
powenhan  any  other  wheel,  amounting  in  some  instances,    efficiency  of 
as  at  the  colton.factoties  at  Lowell,  Mass.,  to  upward  of    the  turbine 
ninety-five  per  cent  of  the  whole  force  of  the  water.  '"  " 

300.  It  may  appear  strange  to  those  unacquainted  with  Ihe  action 
of  hydraulic  engines,  that  so  much  of  the  power  existing  li  it  poiaiblc 
in  the  agent  we  use  for  producing  motion,  as  running  toconitrast 
water,  should  be  lust,  amounting  in  the  undershot  wheel  ^i,^^  which 
to  seventy-five  per  cent  of  the  nhole  power.  This  is  will  render 
due  partially  lo  the  friction  of  the  water  againsl  Iht  the  whole 
surfaces  upon  which  it  Hows,  and  to  the  friction  of  the    ,„,m,bief 
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wheel  which  receives  the  force  of  the  current.  Force  is  also  lost  by 
changing  the  direction  of  the  water  in  order  to  convey  it  to  the  ma- 
chinery ;  in  the  sudden  change  of  velocity  which  the  water  undergoes 
when  it  first  strikes  the  wheels;  and,  more  than  all,  from  the  fact 
that  a  considerable  amount  of  force  is  left  unemployed  in  the  water 
which  escapes  with  a  greater  or  less  velocity  from  every  variety  of 
wheel.  It  may  be  considered  as  practically  impossible  to  construct 
any  form  of  water-engine  which  will  utilize  the  whole  force  of  a  current 
of  water. 

301.  Water,  although  one  of  the  most  abundant  substances  in 
nature,  and  a  universal  necessity  of  life,  is  not  always  found  in  the 
location  in  which  it  is  desirable  to  use  it.  .  Mechanical  arrangements, 
therefore,  adapted  to  raise  water  from  a  lower  to  a  higher  level,  have 
been  among  the  earliest  inventions  of  every  country. 

302.  The  application  of  the  lever,  in  the  form  of 
What  were     the  old-fashioned  well-sweep  (still  used  in 

many  parts  of  this  country,  and  through- 
out Eastern  Asia),  of  the  pulley  and  rope, 
and  the  wheel  and  axle  in  the  form  of  the 
windlass,  were  undoubtedly  the  earliest  mechanical 
contrivances  for  raising  water.     (Fig.  121.) 


the  earliest 
arrange- 
ments for 
raising 
water  ? 


Fig.  121. 

The  screw  of  Archimedes,  invented  by  the  philosopher  whose 
Describe  the  name  it  bears,  is  a  contrivance  of  great  antiquity,  for 
Archimedes      raising  water. 

This  machine,  represented  in  Fig.  122,  consists  of  a 


screw. 
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tube  wound  in  a  spiral  form  about  a  solid  cylinder,  A  B,  which  is 
made  to  revolve  by  turning  the 
handle  H.  This  cylinder  is 
placed  at  a  certain  inclination, 
with  its  lower  extremity  resting 
in  the  water.  As  the  cylinder 
is  made  to  revolve,  the  end  of 
the  tube  dips  into  the  water, 
and  a  certain  portion  enters  the 
orifice  a.  By  continuing  the  rev- 
olution of  the  cylinder,  the  water 
flows  down  a  series  of  inclined 
planes,  or  to  the  under  side  of 
the  tube ;  and,  if  the  inclination 
of  the  tube  be  not  too  great,  the 
water  will  finally  flow  out  at  the  upper  orifice  into  a  proper  receptacle. 

303.  The  common  suction-pump  is  a  later  discovery  than  the  screw 
of  Archimedes,  and  is  supposed  to  have  been  invented   -^. 

by  Ctesibius,  an  Athenian  engineer  who  lived  at  Alexan-   the  common 
dria,  in  Egypt,  about  the  middle  of  the  second  century   pump 
before  the  Christian  era.*  invented? 

304.  The  chain-pump  consists  of  a  tube,  or  cylinder,  the  lower  part 

of  which  is  immersed  in  a  well  or  reservoir,  and  the    -^       ..    ^. 

,      ,  ,  .  ,  .  ,     Dcscnbc  the 

upper  part  enters  the  bottom  of  a  cistern  mto  which   construction 

the  water  is  to  be  raised.  An  endless  chain  is  carried  of  the  chain- 
round  a  wheel  at  the  top,  and  is  furnished  at  equal  dis-  P"™P' 
tances  with  flat  disks,  or  plates,  which  fit  tightly  in  the  tube.  As  the 
wheel  revolves,  they  successively  enter  the  tube,  and  carry  the  water 
up  before  them,  which  is  discharged  into  the  cistern  at  the  top  of  the 
tube.  The  machine  may  be  set  in  motion  by  a  crank  attached  to  the 
upper  wheel. 

Fig.  123  represents  the  construction  and  arrangement  of  the  chain- 
pump. 

The  chain-pump  will  act  with  its  greatest  effect  when  the  cylinder 
in  which  the  plates  and  chain  move  can  be  placed  in  an    in  what  titu« 
inclined  position,  instead  of  vertically.    It  is  used  gen-    **ion»  *»  this 
erally  on  board  of  ships  and  in  situations  where  the   \^^^^\y  ^ 
height  through  which  the  water  is  to  be  elevated  is  not    used  ? 

*  The  suction-pump,  and  other  machines  for  raising  water  which  depend  upon  the 
pressure  of  the  atjnotphere,  are  described  under  the  head  of  Pneumatics. 


l66  NATURAL    PHILOSOPHY. 

vet7  great,  as  in  cases  where  the  foundaiFons  of  docks,  &c.,  are  tn  lie 
drained. 

This  machine  is  not,  iiowever,  used  eKClusively  for  raising  water. 
Its  application,   in   principle,  may 
lie  seen  in  any  grist- 
FiHwhat  jjjjn_    where     il    con- 

poteathan        ^'=>'s    'he    flour   di;*- 
r>iiiaEW>ter   charged   from   the 

pVilJS"'  •"""■■ '° "" '""' 

pari  of  ihe  building, 
where  it  k  bolted.  Machines 
(dredging)  for  elevating  mud  from 
the  bottom  of  rivers,  and  grain 
elevators  for  lifting  grain  from  ves- 
sels into  warehouses,  are  construct- 
ed on  the  same  principle. 

305.  The  Hydpttulie  Ram 
is  a    machine 
hydr.uiic        constructed    t  o 
'""  raise    water    by 

taking  advantage  of  the 
impulse,  or  momentum,  of 
a  current  of  water  sud- 
denly stopped  in  its  course, 
and  made  to  act  in  another 
^"^-  "^  direction. 

The  simplest  construction  of  the  hydraulic  ram  is  represented  in 
_  Fig.  1:4,  and  its  operation  is  as  follows:  At  the  end  of 

lonMtuctioo     *  P'P^'   "'  connected  with   a  spring  or  reservoir.   A, 
ol  the  somewhat  elevated,  from  which  a  supply  of  water  is  de- 

hyawuiic  [jved,  Is  a  valve,  E,  of  such  weight  as  just  to  fall  when 

the  water  is  quiet  or  still  within  the  pipe;  this  pipe  is 
connected  with  an  air-chamber,  D,  from  which  the  main  pipe  I'  leads; 
this  air-chamber  is  provided  with  a  valve  opening  upward,  as  shown 
in  the  cut.  Suppose  now,  the  water  being  still  within  the  tube,  the 
valve  E  to  open  by  its  own  ¥reight :  immediately  the  stream  begins  to 
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run,  aiid  the  water  flowing  through  I!  soon  a< 
force,  sufficient  to  raise  the 
valve  E  up  against  its  seal. 
The  waier,  being  thus  sud- 
denly arrested  in  its  passage, 
would  by  iis  momenlum 
burst  the  pipe,  were  it  not 
£or  the  other  valve  in  the 
air-chamber  U,  which  is 
pressed  upward,  and  allows 
the  water  to  escape  into  the 
air-chamber  I).  The  air 
contained  in  the  chamber  D 
is  condensed  by  the  sudden  intlu 
acting  by  means  oE  its  elasticity,  forces  a  portit 
the  tube  F. 

As  soon  as  the  water  in  the  pipe  B  is  brought  to 


the  valve  of  the  air-chamber  closes,  and  the  valve  E  (alls  down,  or 
opens :    again  the  stream  commences   running,  and  soon   acquires 
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sufficient  force  to  shut  the  valve  E ;  a  new  portion  is  then,  by  the 
momentum  of  the  stream,  urged  into  the  air-chamber  and  up  the  pipe 
F;  and,  by  a  continuance  of  this  action,  water  will  be  continually 
elevated  in  the  pipe  F. 

Fig.  125  represents  a  more  improved  construction  of  the  ram,  in 
which  by  the  use  of  two  air-chambers,  C  and  F,  the  force  of  the  ma- 
chine is  greatly  increased.  A  represents  the  main  pipe,  B  the  valve 
from  whence  the  water  escapes,  G  the  pipe  in  which  it  is  elevated. 

As  this  machine  produces  a  kind  of  intermitting  motion  from  the 
alternate  flux  and  reflux  of  the  stream,  accompanied  with  a  noise 
arising  from  the  shock,  its  action  has  been  compared  to  the  butting  of 
a  ram ;  and  hence  the  name  of  the  machine. 

It  will  be  seen  from  these  details,  that  a  very  insignificant  pressing 
column  of  water,  running  in  the  supply-pipe,  is  capable  of  forcing  a 
stream  of  water  to  a  very  great  height,  so  that  a  sufficient  fall  of  water 
may  be  obtained  in  any  running  brook,  by  damming  up  its  upper  end 
to  produce  a  reservoir,  and  then  carrying  the  pipe  down  the  channel  of 
the  stream  until  a  sufficient  fall  is  obtained.  A  considerable  length  of 
descending  pipe  is  desirable  to  insure  the  action  of  the  stream :  other- 
wise the  water,  instead  of  entering  the  air-vessel,  may  be  thrown  back, 
when  the  valve  is  closed,  into  the  reservoir. 


CHAPTER   IX. 

PNEUMATICS. 

306.  Pneumatics  is  that  department  of  physical 
science  which  treats  of   the   motion   and  „,^    .    ^ 

What  IS  the 

pressure  of  air,*  and  other  aeriform   or  science  of 

,     ^  pneumatics  ? 

gaseous  substances. 

307.  The  atmosphere  is  a  thin,  transparent  fluid, 
or  aeriform  substance,  surrounding  the  what  is  the 
earth  to  a  considerable  height  above  its  a*™o»p»»«'«? 
surface,  and  which  by  its  peculiar  constitution  sup- 
ports and  nourishes  all  forms  of  animal  or  vegetable 
life. 

*  Atmospheric  air  is  composed  of  oxygen  and  nitrogen  mixed  together  in  the 
proportion  of  seventy-seven  parts  of  nitrogen  and  twenty-three  of. oxygen,  or  about 
three-fourths  nitrogen  to  one-fourth  oxygen.  These  two  gases  existing  in  the  atmos- 
phere are  not  chemically  combined  with  each  other,  but  merely  mixed. 

Beside  these  two  ingredients  there  are  always  in  the  air,  at  all  places,  carbonic  acid 
gas  and  watery  vapor,  in  variable  proportions,  and  sometimes  also  the  odoriferous  matter 
of  flowers,  and  other  volatile  substances. 

The  air  in  all  regions  of  the  earth,  and  at  all  elevations,  never  varies  in  composi- 
tion, so  far  as  regards  the  proportions  of  oxygen  and  nitrogen  which  it  contains,  no 
matter  whether  it  be  collected  on  the  top  of  high  mountains,  over  marshes,  or  over 
deserts. 

It  is  a  wonderful  principle,  or  law  of  nature,  that  when  two  gases  of  different 
weights,  or  specific  gravities,  are  mixed  together,  they  can  not  remain  separate,  as 
fluids  of  diflerent  densities  do,  but  diffuse  themselves  uniformly  throughout  the  whole 
space  which  both  occupy.  It  is  therefore  by  this  law,  that  a  vapor,  arising  by  its  own 
elasticity  from  a  volatile  substance,  is  caused  to  extend  its  influence,  and  mingle  with 
the  surrounding  atmosphere,  until  its  effects  become  so  enfeebled  by  dilution  as  to  be 
imperceptible  to  the  senses.  Thus  we  are  enabled  to  enjoy  and  perceive^ at  a  distance 
die  odor  of  a  flower-garden,  or  a  perfume  which  has  been  exposed  in  an  apartment. 

169 
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The  atmosphere  is  not,  as  is  generally  regarded,  invisible.  When 
jg  ^j^g  seen  through  a  great  extent,  as  when  we  look  upward 

atmosphere  in  the  sky  on  a  clear  day,  the  vault  appears  of  an  azure, 
viBible?  Qjr  deep-blue  color.      Distant  mountains    also    appear 

blue.  In  both  these  instances  the  color  is  due  to  the  great  mass  of 
air  through  which  we  direct  our  vision. 

The  reason  that  we  do  not  observe  this  color  in  a  small  quantity  of 

air  is,  that  the  portion  of  colored  light  reflected  to  the 

not  a  sm«ai       ^V^  ^^  *  limited  quantity  is  insufficient  to  produce  the 

quantity  of       requisite  sensation  upon  the  eye,  and  in  this  way  excite 

air  exhibit        j^   t^g    mind   a  perception  of  the  color.     Alnwst   all 

slightly  transparent  bodies  are  examples  of  this  fact. 

If  a  glass  tube  of  small  bore  be  filled  with  sherry  wine,  or  wine 
of  a  similar  color,  and  looked  at  through  the  tube,  it  will  be  found  to 
have  all  the  appearance  of  water,  and  be  colorless.  If  viewed  from 
above,  downward,  in  the  direction  of  its  length,  it  will  be  found  to 
possess  its  original  color.  In  the  first  instance,  there  can  be  no  doubt 
that  the  wine  has  the  same  color  as  the  liquid  of  which  it  originally 
formed  a  part ;  but,  in  the  case  of  small  quantities,  the  color  is  trans- 
mitted to  the  eye  so  faintly  as  to  be  inadequate  to  produce  perception. 
For  the  same  reason,  the  great  mass  of  the  ocean  appears  green,  while 
a  small  quantity  of  the  same  water  contained  in  a  glass  is  perfectly 
colorless. 

Does  air  DOS-  3^^'  ^^^*  ^^  coiTimon  with  othcr  mate- 
sess  all  the      rial  substanccs,  possesses  all  the  essential 

essential  ,   , 

qualities  of      qualities  of  matter,  as  impenetrability,  in- 

matter?  .•  j  •    1  . 

ertia,  and  weight. 

309.  The  impenetrability  of  air  may  be  shown  by  taking  a  hollow 
What  a  e  vessel,  as  a  glass  tumbler,  and  immersing  it  in  water 
proofs  of  the  with  its  mouth  downward :  it  will  be  found  that  the 
impenetra-  water  will  not  fill  the  tumbler.  If  a  cork  is  placed  upon 
bilityof  air?    ^^^  ^^^^^  ^^^^^  ^^^  mouth  of  the  tumbler,  it  will  be 

seen,  that,  as  the  tumbler  is  pressed  down,  the  air  in  it  will  depress  the 
surface  of  the  water  on  which  the  cork  floats.  The  diving-bell  is  con- 
structed on  the  same  principle. 

310.  The  inertia  of  the  air  is  shown  by  the  resistance  which  it 
What  are  opposes  to  the  motion  of  a  body  passing  through  it. 
proofs  of  the  Thus,  if  we  open  an  umbrella,  and  endeavor  to  carry  it 
inertia  of  air?    rapidly  with  the  concave  side  forward,  a  considerable 
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force  will  be  required  to  overcome  the  resistance  it  encounters.  A 
bird  could  not  fly  in  a  space  devoid  of  air,  even  if  it  could  exist  with- 
out respiration,  since  it  is  the  inertia,  or  resistance  of  the  particles  of 
the  atmosphere  to  the  beating  of  the  wings,  which  enables  it  to  rise. 
The  wings  of  birds  are  larger,  in  proportion  to  their  bodies,  than  the 
fins  of  fishes,  becau.se  the  fluid  on  which  they  act  is  less  dense,  and 
has  proportionally  less  inertia,  than  the  water  upon  which  the  fins  of 
fishes  act. 

311.  Air    is    highly   compressible    and  Towhat 

*^  o     J  r  extent  is  air 

perfectly  elastic.  compressi- 

ble? 

By  these  two  qualities  air  and  all  other  gaseous  sub- 
stances are  particularly  distinguished  from  liquids,  which  resist  com- 
pression, and  possess  but  a  small  degree  of  elasticity.  Illustrations  of 
the  compressibility  of  air  are  most  familiar.  A  quantity  of  air  con- 
tained in  a  bladder  or  India-rubber  bag  may  be  easily  forced  by  the 
pressure  of  the  hand  to  occupy  less  space.  There  is,  indeed,  no 
theoretical  limit  to  the  compression  of  air ;  for,  with  every  additional 
degree  of  force,  an  additional  degree  of  compression  may  be  obtained. 

The  elasticity  or  expansibility  of  air  also  manifests    _. 
itself  in  an  unlimited  degree.     Air  can  not  be  said  to    possess  any 
have  any  original  size  or  volume,  for  it  always  strives    constant  size 
to  occupy  a  larger  space.  °'  ^°  ""** 

When  a  part  of  the  air  inclosed  in  any  vessel  is  withdrawn,  that 

which  remains,  expanding  by  its  elastic  property,  always 

fills  the  dimensions  of  the  vessel  as  completely  as  before,    illustrations 

If  nine-tenths  were  withdrawn,  the  remaining  one-tenth    of  the  expan- 

would  occupy  the  same  space  that  the  whole  did  for-    nihility  of 

,  air? 

merly. 

This  tendency  of  air  to  occupy  a  larger  space,  or,  in  other  words,  to 
increase  its  volume,  causes  it,  when  confined  in  a  vessel,  to  continually 
press  against  the  inner  surface.  If  no  corresponding  pressure  acts 
from  the  outer  surface,  the  air  will  burst  it,  unless  the  vessel  is  of  con- 
siderable strength.  This  fact  may  be  shown  by  the  experiment  of 
placing  a  bladder  partially  filled  with  air  beneath  the  receiver  of  an 
air-pump,  and  by  exhausting  the  air  in  the  receiver  the  pressure  of  the 
external  air  upon  the  outer  surface  of  the  bladder  is  removed.  The 
elasticity  of  the  air  contained  in  the  bladder,  being  then  unresisted  by 
any  external  pressure,  will  dilate  the  bladder  to  its  fullest  extent,  and 
oftentimes  burst  it. 
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HusBii  3 '2.  Air,  as  well  as  all  other  gases  and 

weithtF         vapors,  possesses  weight. 

The  weight  of  air  may  be  shown  by  lirsl  weighing  a  suitable  vessel 
Rlied  with  air;  then  exhausting  the  air  from  it  by  means  of  an  air- 
pump,  and  welghhig  again.  The  difference  between  the  two  weights 
will  be  (he  weight  oE  the  air  contained  in  the  vessel. 

The  weight  of  one  hundred  cubic  inches  of  air  is  about  (hirty-one 

The  question,  IhereEore,  naturally  occurs  in  this  connection,  viz..  If 
Wh  t  II  It!  ^"  *''P*"'^  unlimitedly  when  unresiricted,  why  does 
theatmoi-  "'>'  our  atmosphere  leave  the  earth,  and  diffuse  itself 
phere  to  the  throughout  space  indefinitely  ?  This  it  would  do,  were 
""^  it  not  for  the  action  of  gravitation.    The  particles  of 

air,  it  must  be  remembered,  possess  weight,  and  by  gravity  are  attracted 
toward  the  center  o£  the  earth.  This  tendency  of  gravity  to  condense 
the  air  upon  the  earth's  surface  is  opposed  by  the  mutual  repulsion 
existing  between  the  particles  of  air.  These  two  forces  counterbalance 
each  other  ■■  (he  atmosphere  will  therefore  expand  ;  that  is,  its  particles 
will  separate  from  one  another,  until  the  repulsive  force  is  diminished 
to  such  an  extent  as  to  render  it  equal  to  the  weight  of  the  particles, 
or,  what  is  the  same  thing,  to  (he  force  of  the  attraction  of  gravitation, 
when  no  further  expansion  can  lake  place.  We  may  therefore  con- 
ceive the  particles  of  air  at  the  upper  surface  of  the  atmosphere  rest- 
itig  in  equilibrium,  under  the  influence  of  two  opposite  forces;  vh., 
their  own  weight,  lending  to  carry  them  downward,  and  the  mutual 
repulsion  of  Ihe  particles,  which  constitules  the  elasticity  of  air,  lend- 
ing to  drive  them  upward. 

313.  The  density  of  the  air,  or  the  quantity  con- 
Whatiaw  tained  in  a  given  bulk,  or  unit 
dmsi"o(ih=  '^^  volume,  decreases  with  the 
atmosphere?  altitude,  or  height  above  the 
surface  of  the  earth. 

This  is  owing  to  the  diminished  pressure  of  the 
air,  and  the  decreasing  force  of  gravity.    Those  por- 
tions directly  incumbent  upon  the  earlh   are  most 
dense,  because  Ihey  bear  the  weight  of  the  superin- 
"■  "  cumbent  portions.     (.See   Fig.  136,)    This  idea  may 

be  conveyed  by  the  gradual  shading  of  the  figure,  which  indicates  the 


PNEUMATICS.  173 

gradual  diminution  in  the  density  of  the  atmosphere  in  proportion  to 
its  altitude. 

314.  Air  is  said  to  be  rarefied  when  it  when  u  air 

^   ^  said  to  be 

is  caused  to  expand,  and  occupy  a  greater  rarefied? 
space. 

Generally,  when  we  speak  of  rarefied  air,  we  mean  air  that  is  ex- 
panded to  a  greater  degree,  or  is  thinner,  than  the  air  at  the  immediate 
surface  of  the  earth. 

315.  The  great  law  governing  the  compressibility  of  air,  which  is 
known  from  its  discoverer  as  "Mariotte's  law,"  may  be  stated  as 
follows :  — 

The  volume  of  space  which  air  occupies  what  is 

.      .  ,  ,  .^  Mariotte's 

IS  inversely  as  the  pressure  upon  it.  uw  ? 

If  the  compressing  force  be  doubled,  the  air  which  is  compressed 
will  occupy  one-half  of  the  space:  if  the  compressing  force  be  in- 
creased in  a  threefold  proportion,  it  will  occupy  one-third  the  space ; 
if  fourfold,  one-fourth  the  space,  and  so  on. 

The  relation  between  the  compressibility  of  air,  and  its  elasticity 
and  density,  also  obeys  a  certain  law,  which  may  thus  be  expressed :  — 

316.  The  density  and   elasticity  of  air  whatreia- 
are  directly  as  the  force  of  compression.       1*°"  exists 

•'  *•  between  the 

This  relation  is  clearlv  exhibited  by  the  following    ff.^P*^"**.' 
table.  '  bUityofair, 

table .  —  and  its  elas. 

With  the  same  amount  of  air,  occupying  the  space  of   ticity  and 
^»-i»  h  h  h  h  T^TJ*  ensiy. 

the  elasticity  and  density  will  be  i,  2,  3,  4,  5,  6,  100. 


Fig.  127. 

Hence,  by  compressmg  air  into  a  very  small  space,  by  mfeans  of  a 
proper  apparatus,  we  can  increase  its  elastic  force  to   ^_. 
such  an  extent  as  to  apply  it  for  the  production  of  very    illustrations 
powerful  effects.     The  well-known  toy,  the  pop-gun,  is    of  the  elastic 
an  example  of  the  application  of  this  power.    The  space        "      **' 
A. of  a  hollow  cylinder,  Fig.  127,  is  inclosed  by  the  stopper  /,  at  one 
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end,  and  by  Ihe  end  of  tKe  rod  S  at  Ihe  other  end.  This  rod  being 
pushed  farther  into  (he  cylinder,  the  air  contained  in  Ihe  space  A  is 
compressed  until  its  elastic  force  becomes  so  great  as  to  drive  out  ihe 
stopper  /  at  the  other  end  of  the  cylinder  with  great  force,  accom- 
panied with  a  report.  The  air-gun  is  constructed  and  operated  on  a 
similar  principle. 

317.  The  laws  of  Mariotte  may  lie  i' 


iotte.         Let  A  B, 

t  glass  lube,  open 
ts  longer  extremity 

rter.  If  the  shorter 
be  alM)  open  so  as 
illow  free  commu- 
tion  with  the  air, 

'  lie    poured    into 
(ulie,  the  surfaces 
the    mercury   will 
d  at  the  same  level 
x>th    legs    of    Itie 
',  and  will  both  sus- 
ihe   weight  of  a 
mn  of  air  reaching 
1  the  surface  of  the 
cury  to  the  top  of 
atmosphere.      If, 
the   mercury  in 
this  condition, 
(he    opening  at 
the  shorter  end 
of  the   tube  be 
.,        g  closed,    the  ef- 

fect of  the 
weight  of  the  whole  atmosphere  above  that  point  is  cut  oR,  so  that  the 
surface  in  the  shorter  tube  can  sustain  no  pressure  arising  from  the 
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weight  of  the  atmosphere.  Still  the  level  of  the  mercury  in  both  legs 
of  the  tube  remains  the  same,  because  the  elasticity  of  the  air  inclosed 
in  B  C  is  precisely  equal,  and  sufficient  to  balance  the  weight  of  the 
whole  column  of  atmosphere  pressing  upon  the  surface  A.  If  this 
were  not  the  case,  or  if  there  were  no  air  in  B  C,  then  the  weight  of 
the  atmosphere,  pressing  upon  the  surface  A  of  the  mercury,  would 
force  it  up  into  the  space  B  C.  The  elasticity  of  air  is  therefore 
directly  proportionate  to  the  forcCy  or  compression,  exerted  npon  it. 

It  is  evident  that  the  pressure  exerted  upon  the  surface  A,  Fig.  128, 
whatever  may  be  its  amount,  is  that  of  a  column  of  air  reaching  from 
A  to  the  top  of  the  atmosphere,  or,  as  we  express  it,  the  weight  of  one 
atmosphere.  The  amount  of  this  pressure,  accurately  determined,  is 
equal  to  the  weight,  or  pressure,  which  a  column  of  mercury  thirty 
inches  high  would  exert  on  the  same  surface.  If,  then,  we  pour  into 
the  tube  as  much  mercury  as  will  raise  the  surface  in  the  longer  ex- 
tremity of  the  tube  thirty  inches  above  the  surface  of  the  mercury  in 
the  leg  B  C,  we  shall  have  a  pressure  on  the  surface  of  A  equal  to 
two  atmospheres ;  and,  since  liquids  transmit  pressure  equally  in  all 
directions,  the  same  pressure  will  be  exerted  on  the  air  included  in 
the  leg  B  C.  This  will  reduce  it  in  volume  one-half,  or  compress  it 
into  half  the  space,  and  the  mercury  will  rise  in  the  leg  B  C.  This 
weight  of  two  atmospheres  reduces  a  given  quantity  of  air  into  one- 
half  its  volume.  In  the  same  manner,  if  mercury  be  again  poured  into 
the  tube,  until  the  surface  of  the  column  in  the  longer  tube  is  sixty 
inches  above  the  level  of  the  mercury  in  B  C,  then  the  air  in  B  C  will 
be  compressed  into  one-third  of  its  original  volume.  In  the  same 
manner  it  could  be  shown,  by  continuing  these  experiments,  that  the 
diminution  of  the  volume  of  air  will  always  be  in  the  exact  proportion 
of  the  increase  of  the  compressing  force,  and  its  volume  can  also  be 
increased  in  exact  proportion  to  the  diminution  of  the  compressing 
force.  In  fact,  this  law  has  been  verified  by  actual  experiment,  until 
the  air  has  been  condensed  twenty-seven  times,  and  rarefied  one  hun- 
dred and  twelve  times. 

318.  The  fact  that  air  possesses  weight,  and  consequently  exerts 
pressure,  was  not  known  until  about  two  hundred  years  _^  . 
ago.  The  ancient  philosophers  recognized  the  fact  that  weight  of  air 
air  was  a  substance,  or  a  material  thing  ;  and  they  also  known  to  the 
noticed,  that,  when  a  solid  or  a  liquid  was  removed,  the  *°^*®"*®  • 
air  rushed  in,  and  filled  up  the  space  that  had  been  thus  deserted. 
But,  when  called  to  give  a  reason  for  this  phenomenon,  they  said  that 
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"Nature  abhorred  an  empty  space,"  or  a  "vacuum,"  and  therefore 
filled  it  up  with  air  or  some  liquid  or  solid  body. 

319.  A  vacuum  is  a  space  devoid  of  matter:  in 
What  is  a  general,  we  meai  by  a  vacuum  a  space 
vacuum  ?        dcvoid  of  air. 

No  perfect  vacuum  can  be  produced  artificially ;  but  confined 
spaces  can  be  deprived  of  air  sufficiently  for  all  experimental  and 
practical  purposes.  We  do  not  know,  moreover,  that  any  vacuum 
exists  in  nature,  although  there  is  no  conclusive  evidence  that  the 
spaces  between  the  planets  are  filled  with  any  material  substance. 

If  we  dip  a  pail  into  a  pond,  and  fill  it  with  water,  a  hole  (or  vacuum) 
is  made  in  the  pond  as  big  as  the  pail ;  but  the  moment  the  pail  is  drawn 
out  the  hole  is  filled  up  by  the  water  around  it.  In  the  same  manner  air 
rushes  in,  or  rather  is  pressed  in  by  its  weight,  to  fill  up  an  empty  space. 

When  we  place  one  end  of  a  straw  or  tube  in  the  mouth,  and  the 
How  does  other  end  in  a  liquid,  we  can  cause  the  liquid  to  rise  in 
water  rise  in  the  straw  or  tube,  by  sucking  it  up,  as  it  is  called, 
a  straw  by  We,  however,  do  no  such  thing  :  we  merely  draw  into 
uc  ion  ^j^g  mouth  the  portion  of  air  confined  in  the  tube,  and 

the  pressure  of  the  external  air  which  is  exerted  on  the  surface  of  the 
liquid  into  which  the  tube  dips,  being  no  longer  balanced  by  the 
elasticity  of  the  air  in  the  tube,  forces  the  liquid  up  into  the  mouth. 
If,  however,  the  straw  were  gradually  increased  in  length,  we  should 
find  that  above  a  certain  length  we  should  not  be  able  to  raise  water 
into  the  mouth  at  all,  no  matter  how  small  the  tube  might  be  in  diame- 
ter ;  or,  in  other  words,  if  we  made  the  tube  thirty-four  feet  long,  we 
should  find  that  no  power  of  suction,  even  by  the  most  powerful 
machinery  instead  of  the  mouth,  could  raise  the  water  to  that  height. 
The  water  rises  in  the  common  pump  in  the  same  way  that  it  does  in 
the  straw ;  but  not  above  a  height  of  thirty-three  or  thirty-four  feet 
above  the  leve!  of  the  reservoir. 

320.  The  reason  why  water  thus  rises  in  a  straw  or  pump  remained 
How  was  ^  mystery  until  explained  and  demonstrated  by  Torri- 
the  ascent  celli,  a  pupil  of  Galileo.  It  is  clear  that  the  water  is 
of  water  sustained  in   the   tube   by  some  force ;   and  Torricelli 

suction^firet  argued,  that,  whatever  it  might  be,  the  weight  of  the 
explained  column  of  water  sustained  must  be  the  measure  of  the 

and  demon-  power  thus  manifested :  consequently,  if  another  liquid 
be  used,  heavier  or  lighter,  bulk  for  bulk,  than  water. 
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then  the  same  force  mint  sustain  a  lesser  er  greater  lohimtt  e  sueh  liquid. 
By  using  a  much  heavier  liquid,  the  colamn  sustained  would  necessarily 
be  much  shorter,  and  the  experiment  in  every  way  more  manageable. 

Torricelli  verified  his  conclusions  in  (he  following  manner;  He 
selected  for  his  experiment  mercury,  the  heaviest  known  liquid.  As 
this  is  thirteen  and  one-halt  limes  heavier  than  water,  bulk  for  bulk,  it 
followed,  that,  if  (be  force  imputed  to  a  vacuum  could  sustain  thirty- 
three  feet  of  water,  it  would  necessarily  sustain  thirteen  and  one-half 
times  less,  or  abuul  thirty  inches,  of  mercury.  Torricelli  therefore 
made  the  following  ex- 
periment, which  has 
since  become  memora- 
ble in   the   history    of 

He  procured  a  glass 
tube  (Fig.  IZ9)  more 
than  thirty  inches  long, 
open  at  one  end,  and 
closed  at  the  other. 
Filling  this  tube  with 
mercury,  and  applying 
his  finger  to  the  open 
end,  so  as  to  prevent 
its  escape,  he  inverted 
it,  plunging  the  end 
into  mercury  contained 
in  a  cistern.  On  re- 
moving the  finger,  he 
observed  that  the  mer- 
cury in  the  tube  fell, 
but  did  not  fall  alto- 
gether into  the  cistern ; 
it  only  subsided  until 

height  of  about  thirty  ^^BB 

inches  above   the  sur-  =^"- 

face  of  the  mercury  in  j,^   ,,„ 

the  cistern.   The  result 

was  what  Tornceiti  expected,  and  he  soon  perceived  the  true  cause 

of  the  phenomenon.     The  weight  of  the  atmosphere  acting  upon  the 


vsrified? 
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surface  of  the  mercury  in  the  vessel  supports  the  liquid  in  the  tube, 
this  last  being  protected  from  the  ptessme  of  the  atmosphere  by  the 
closed  end  of  the  tube. 

321.  The  fact  that  the  column  of  mercury  in  the  tube  was  sustained 
by  the  pressure  of  llie  atmosphere  was  further  verified 
'   by  an  experiment  made  by  Pascal  in  Prance.     He  argued 
that,  if  the  cause   which   sustained  the  column  in  the 
lulie  was  the  weight  of  the  atmosphere  acting  on  the 
external  surface  of  the  mercury  in  the  cistern,  then  if 
the  lube  were  transported  to  the  top  of  a  high  mountain,  where  a  less 
quantity  of  atmosphere  was  above  it.  the  pressure  would  be  less,  and 
the  length  of  the  column  less.     The  experiment  was  tried  by  carry- 
ing the   tube  to  the  top  of  a  mountain  in  the  inte- 
rior of  France,  and   correctly   noting  the  height   of 
the   column  during  the  ascent.     It  was  noticed  that 
the   height  of    the   column  gradually  diminished    as 
the   elevation  to  which   the   instrument  was  carried 
increased. 

The  most  simple  way  of  proving  that  the  column 
of  mercury  contained  in  the  tube,  as  in  Fig.  iig,  is  only 
balanced  against  the  equal  weight  of  a  column  of  air, 
is  to  take  a  tube  of  sufficient  length,  and.  having  tied 
over  one  end  a  bladder,  tu  till  it  up  with  mercury, 
and  invert  it  in  a  cu])  of  the  same  liquid:  the  mercury 
will  now  stand  at  the  height  of  about  thirty  inches  ;  but 
if  with  a  needle  we  make  a  hole  in  the  bladder  closing 
the  top  of  the  lube,  the  niercuiy  in  the  tube  immedi- 
ately falls  to  the  level  of  that  in  the  cup. 

These  exi>erimeuls  by  Totricelli  led  10  the  invention 
How  did  the  "'  *'"^  liarometer.  It  was  noticed  that  a 
cxperimsnt  column  of  mercury  Sustained  in  a  tube 
olTorricelli  by  the  pressure  of  the  atmosphere,' the 
lead  to  the  .,,-,..  c  .  ■.- 
Invention  of  '""  being  kept  in  a  fixed  position,  as 
thebsrome-  in  Fig.  130,  fluctuated  from  day  to  day, 
"''  within  certain  small  limits.    This  effect 

was  iialutally  attributed  to  the  variation  in  the  weight 
or  jiressure  of  the  incumbent  atmosphere,  arising  from 
^-  '^         various  meteorological  causes. 

is  moist,  or  filled  with  vapors,  it  is  lighter  than 
11  of  mercury  stands  low  in  the  tube;  but  when 
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the  air  is  dry  and  free  from  vapor,  il  is  heavier,  and  sii|iporls  a  longer 
column  a(  merciir)*. 

So  long  as  the  vapor  of  water  exists  in  the  atmosphere,  as  a  con- 
stituent part  of  il,  it  contrihutes  to  the  atmospheric  vtfhv  should 
pressure,  and  Ihus  a  portion  of  the  column  of  tiierciirv  the  presence 
in  Ihe  barometer-tube  is  sustained  by  the  weight  of  the  "'  EOnieo«ed 
vapor;  but  when  the  vapor  is  condensed,  and  takes  on  I[!!|J^ ?„  ,1,. 
a  visible  form,  as  clouds,  &c.,  then  it  no  longer  forms  a  utmoiphers 
constituent  part  of  the  atmosphere,  any  more  than  dust,  ■"«='  tt» 
smoke,  or  a  balloon  floating  in  it  does,  and,  the  atmos- 
phcric  pressure  being  diminished,  the  mercury  in  the  tube  falls.  In 
this  way  the  barometer,  by  showing  variations  in  the  weight  of  the 
air.  indicates  also  the  changes  in  the  weather. 

322.  The  sjjace  above  the   mercury  in   the  barometer-lube,  Fig. 
130,  is   called    the    TerTUtllmn 

^  ,  .     ..  What  is  the 

vacuum,  an<l  is  the  nearest  a[>-  ,„g,(  perfect 
proach  Eo  a  perfect  vacuum  that  vmcuum  with 
can  l>e  procured  by  arc;  for.  whichweare 
upon  pressing  the  lower  end 
deeper  in  (he  mercury,  the  whole  tulie  becomes 
completely  tilled,  (he  fluid  again  Calling  upon 
elevating  the  tube.  It  fs  therefore  a  perfect 
vacuum,  nith  the  exception  of  a  small  [>orttnn 
of  mercurial  vapor. 

A  very  common  form  of  barometer,  calkd 
the  "wheet-liarometer,"  consists 
of  a  glass  tiilie,  bent  at  the  Ixil-  lon'iru'iion 
torn,  and  filled  with  mercury,  ofthawheel. 
(See  Fig.  131.)  The  column  of  l"""™""? 
mercury  in  the  long  arm  of  the  tube  [s  sus- 
tained by  the  pressure  of  the  atmosphere  u|H>n 
the  surface  of  the  mercHr\-  in  the  shorter  arm, 
Ihe  end  of  which  is  oiwn.  A  small  float  of 
iron  or  glass  rests  upon  the  mercury  in  the 
shorter  arm  of  the  tnhc,  and  is  suspended  by 
a  slender  thread,  which  is  ]iassed  round  a 
wheel  carrying  an  indei,  or  jioinler.     As  the  ■    '  ■ 

level  of  the  mercury  is  altered  by  a  variation  of  the  pressure  of  the 
atmosphere,  the  float  testing  u[)i>n  the  open  surface  is  raised  or  lowered 
in  the  lulie,  moving  the  index  over  a  dial-]ilate,  upon  which  the  vari- 
ous changes  of  ihe  weather  are  lettered. 
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Fig.  131  represents  the  internal  structure  of  the  wheel-barometer,  and 
¥\g.  131  its  external  appearance,  or  casing,  with  a  thermometer  attached. 
A  very  curious    harometer,    called    the 
Describe  the      "  """Bid  baromrirr"  has  been    . 
aneroid  Invented  and  brought  into  use 

""  within  the  last  few  years. 
Fig.  133  represents  its  appearance  and  con- 
struction. Its  action  is  dependent  on  the 
effect  produced  by  atmospheric  pressure  on 
.1  metal  box  from  which  the  a.ir  has  been 
exhausted.  In  the  interior  of  the  box  is  a 
circular  spring  oE  metal,  fastened  at  one  ex- 
tremity to  the  sides  of  the  box,  and  attached 
at  the  other  exlremily  by  a  suitable  arrange- 
ment to  a  pointer,  which  moves  over  a  dial- 
plate,  or  scale.  The  interior  of  the  box 
being  deprived  of  air,  the  atmospheric  press- 
ure upon  the  external  surfaces  o£  Ihe  metal 
sides  is  very  great ;  and.  as  Ihe  pressure 
varies,  these  surfaces  will  l>e  elevated  and 
depressed  to  a  slight  degree.    This  motion 


cated  to  the 

spring  in  the 
interior,  and 

from  thence 

lo  the  point- 
er, which, 

K.C. 

3'. 

moving    up- 
on the  dial, 
thus     indi- 
cates  the 

changes  in  the  weather, 

3r  the  variation 

in  the  pressu 

Water,  0 

What  an  Ihe 

of  the  watei- 

e  of  the  a 
some  oil 
mercury, 
for  filling 
baroraeie 

mosphere. 

er  liquid  than 

may    be  used 

the  tube  of  a 

But,  as  wa- 

Miameterr      ^^^  ^^  thirteen  and  one-half  times  lighter  than  mercury, 
the  height  uE  the  column  in  the  water-barometer  supported  by  atmos- 
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pheric  pressure  will  be  thirteen  and  one-half  times  greater  than  that 
of  mercury,  or  about  thirty-four  feet  high ;  and  a  change  which  would 
produce  a  variation  of  a  tenth  of  an  inch  in  a  column  of  mercury 
would  produce  a  variation  of  an  inch  and  a  third  in  the  column  of 
water.  The  water-barometer  is  rarely  used,  for  various  reasons,  one 
of  which '  is,  that  a  barometer  thirty-four  feet  high  is  unwieldy  and 
difficult  to  transport. 

323.  The  ordinary  use  of  the  barometer  on  land  as  a  weather-indi- 
cator is  extremely  limited  and  uncertain.  It  has  been 
already  stated  that  the  weight  of  one  hundred  cubic  value  of  the 
inches  of  air  is  about  thirty-one  grains.  To  obtain  this  barometer  as 
result,  it  is  necessary  that  the  experiment  should  be  a  weather- 
performed  at  the  level  of  the  sea,  and  it  is  also  requisite 
that  the  temperature  of  the  air  should  be  about  sixty  degrees  Fahren- 
heit's thermometer,  and  that  the  height  of  the  column  of  mercury  in 
the  barometer-tube  should  be  thirty  inches.  As  these  conditions  vary, 
the  weight  or  pressure  of  the  atmosphere,  and  consequently  the  height 
of  the  mercury  in  the  barometer-tube,  must  also  vary.  Especially  will 
the  height  of  the  mercurial  column  vary  with  every  change  in  the 
position  of  the  instrument  as  regards  its  elevation  above  the  level  of 
the  sea.  A  barometer  at  the  base  of  a  lofty  tower  will  be  higher  at 
the  same  moment  than  one  at  the  top  of  the  tower ;  and  consequently 
two  such  barometers  would  indicate  different  coming  changes  in  the 
weather,  though  absolutely  situated  in  the  same  place.  No  correct 
judgment,  therefore,  can  be  formed  relative  to  the  density  of  the 
atmosphere  as  affecting  the  state  of  the  weather,  without  reference  to 
the  situation  of  the  instrument  at  the  time  of  making  the  observation.* 
Consequently  no  attention  ought  to  be  paid  to  the  words  "y^wV,  rain^ 
changeable*^  &c.,  frequently  engraved  on  the  plate  of  a  barometer,  as 
they  will  be  found  no  certain  indication  of  the  correspondence  between 
the  heights  marked,  and  the  state  of  the  weather. 

The  barometer,  however,  may  be  generally  relied  on  for  furnishing 

an  indication  of  the  state  of  the  weather  to  this  extent :    _ 

that  a  fall  of  the  mercury  in  the  tube  shows  the  approach    extent  may 

of  foul  weather,  or  a  storm  j  while  a  rise  indicates  the    the  barome- 

approach  of  fair  weather.  **'  "^  ""***- 

^^  .  on  for 

At  sea,  the  indications  of  the  barometer  respecting    foretelling 
the  weather  are  generally  considered,  from  various  cir-    changes  in 
cumstances,  more  reliable  than  on  land  :  the  great  hur-         weather  ? 
ricanes  which  frequent  the  tropics  are  almost  always  indicated,  some 
time  before  the  storm  occurs,  by  a  rapid  fall  of  the  mercury. 
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324.  If  a  oarometer  be  taken  to  a  point  elevated  above  the  surface 
How  may         ^^  ^^^  earth,  the  mercury  in  the  tube  will  fall ;  because 


the  barome« 
ter  be  used 
for  deter- 
mining the 
height  of 
mountains  ? 


as  we  ascend  above  the  level  of  the  sea  the  pressure  of 
the  atmosphere  becomes  less  and  less.  In  this  way  the 
barometer  may  be  used  to  determine  the  heights  of 
mountains,  and  tables  have  been  prepared  showing  the 
degrees  of  elevation  corresponding  to  the  amount  of 
depression  in  the  column  of  mercury. 

325.  The  absolute  height  to  which  the  atmosphere 
What  is  the  cxtends  above  the  surface  of  the  earth  is 
hefghTofthe  ^^^  Certainly  known.  There  are  good 
atmosphere?  reasons,  howevcr,  for  believing  that  its 
height  does  not  exceed  fifty  miles. 

This  envelupe  of  air  is  about  as  thick,  in  proportion  to  the  whole 
globe,  as  the  liquid  layer  adhering  to  an  orange  after  it  has  been 
dipped  in  water  is  to  the  entire  mass  of  the  orange.  Of  the  whole 
bulk  of  the  atmosphere,  the  zone  or  layer  which  surrounds  the  earth 
to  the  height  of  nearly  two  and  three-fourths  miles  from  its  surface  is 
supposed  to  contain  one-half.    The  remaining  half,  being  relieved  of 


HIMALAYAS. 


ANDES. 


Fig.  134. 


all  superincumbent  pressure,  expands  into  another  zone,  or  belt,  of 
unknown  thickness.  Fig.  134  will  convey  an  idea  of  the  proportion 
which  the  highest  mountains  bear  to  the  curvature  of  the  earth  and  the 
thickness  of  the  atmosphere.  The  concentric  lines  divide  the  atmos- 
phere into  six  layers,  containing  equal  quantities  of  air,  showing  the  great 
compression  of  the  lower  layers  by  the  weight  of  those  above  them. 
Water  is  about  eight  hundred  and  forty  times  the  weight  of  air. 

What  is  the  ^^^^^  '^"^^  ^^^  ^^^^  J  21"^  *^c  weight  of  the  whole  atmos- 
comparative  phere  enveloping  our  globe  has  been  estimated  to  be 
weight  of  the  equal  to  the  weight  of  a  globe  of  lead  sixty  miles  in 
diameter. 


atmosphere  ? 
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If  the  whole  air  were  condensed  so  as  to  occupy  no  more  space 
than  the  same  weight  of  water,  it  would  extend  above  the  earth  to  an 
elevation  of  thirty-four  feet. 

326.  All  aeriform  or  gaseous  substances,  like 
liquids,  transmit  pressure  in   every  direc- 

tion  equally;  therefore  the  atmosphere  pressure  of 
presses  upward,  downward,  laterally,  and  substances 
obliquely,  with  the  same  force.  exerted? 

327.  The  amount  of  pressure  which  the  atmos- 
phere  exerts   at   the   level   of   the   ocean  what  is  the 

*•  c  c       c  amount  of 

is   equal  to  a  force  of  fifteen  pounds  for  pressure  ex- 

y       c        _r  erted  by  the 

every  square  inch  01  surface.  atmosphere? 

The  surface  of  a  human  body,  of  average  size,  meas-    what  press- 
ures about  two  thousand  square  inches.     Such  a  bodv    ureissus- 

therefore  sustains  a    pressure    from    the    atmosphere    .I"°u     ^ 

'^  '^  the  human 

amounting  to  thirty  thousand  pounds,  or  about  fifteen    body? 
tons. 

The  reason  we  are  not  crushed  beneath  so  enormous  a  load   is 
because  the  atmosphere  presses  equally  in  all  directions, 
and  our  bodies  are  filled  with  liquids  capable  of  sustain-    ^^^  crushed 
ing   pressure,  or  with   air  of  the   same   density  as  the    by  the  press- 
external  air ;  so  that  the  external  pressure  is  met  and    "*"*  °^  **** 
counterbalanced  by  the  internal  resistance. 

If  a  man  or  animal  were  at  once  relieved  of  all  atmospheric  press- 
ure, all  the  blood  and  fluids  of  the  body  would  be  forced  by  expansion 
to  the  surface,  and  the  vessels  would  burst. 

Persons  who  ascend  to  the  summits  of  very  high  mountains,  or 
who  rise  to  a  great  elevation  in  a  balloon,  have  experi- 
enced the  most  intense  suffering  from  a  diminution  of    j^  experi- 
the  atmospheric  pressure.    The   air  contained   in  the    enced inns- 
vessels  of  the  body,  being  relieved  in  a  degree  of  the    *"S  to  great 
1  J  •        •  *  •     .u      elevations? 

external  pressure,  expands,  causmg  mtense  pam  \\\  the 

eyes  and  ears,  and  the  minute  veins  of  the  body  to  swell  and  open. 
Travelers,  in  ascending  the  high  mountains  of  South  America,  have 
noticed  the  blood  to  gush  from  the  pores  of  the  body,  and  the  skin  in 
many  places  to  crack  and  burst. 
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Why  do  we 

often  feel 
oppressed 
before  a 
storm  ? 


If  the  lips  be  applied  to  the  back  of  the  hand,  and  the  breath  drawn 
in  so  as  to  produce  a  partial  vacuum  in  the  mouth,  the  skin  will  be 
drawn  or  sucked  in,  —  not  from  any  force  resident  in  the  lips  or  the 
mbuth  drawing  the  skin  in,  but  from  the  fact  that  the  usual  external 
pressure  of  air  is  removed,  and  the  pressure  from  within  the  skin  is 
allowed  to  prevail. 

The  sense  of  oppression  and  lassitude  experienced  in  summer, 
previous  to  a  storm,  is  caused  by  a  diminished  pressure 
of  the  atmosphere.  The  external  air,  in  such  instances, 
becomes  greatly  rarefied  by  extreme  heat  and  by  the 
condensation  of  vapor,  and  the  air  inside  us  (seeking  to 
become  of  the  same  rarity)  produces  an  oppressive  and 
suffocating  feeling. 

328.  The  direct  effects  of  atmospheric  pressure  may  be  illustrated 
Describe  the  ^V  "^^"Y  practical  experiments.  If  a 
common  piece  of  moist  leather,  called  a  sucker, 
sucker.  -pig.  135,  be  placed  in  close  contact  with 
any  heavy  body,  such  as  a  stone,  or  a  piece  of  metal, 
it  will  adhere  to  it ;  and,  if  a  cord  be  attached  to  the 
leather,  the  stone  or  metal  may  be  raised  by  it.    The 

.-  ^^  effect  of  the  sucker  arises  from  the  exclusion  of  the 
f  /^l^si^  air  between  the  leather  and  the  surface  of 
/  ^/jJ^SK  the  stone.  The  weight  of  the  atmosphere 
presses  their  surfaces  together  with  a  force 
amounting  to  fifteen  pounds  on  every 
square  inch  of  the  surface  of  contact.  If 
the  sucker  could  act  with  full  effect,  a  disk 
an  inch  square  would  support  a  weight  of  fifteen  pounds; 
two  square  inches,  thirty  pounds,  &c.  The  practical  ef- 
fect, however,  of  the  sucker,  is  much  less. 

329.  For  the  purpose  of  exhibiting  the  effects  pro- 
Explain  the  duced  by  the  atmosphere  in  different  con- 
ditions, and  for  various  practical  purposes, 
instruments  have  been  contrived  by  which 
air  may  be  removed  from  the  interior  of  a 
vessel,  or  condensed  into  a  small  space  to 
any  extent,  within  certain  limits.     The  first 

of  these  requirements  may  be  obtained  by  the  use  of  the 
instruments  known  as  the  exhausting  syringe  and  the  air-pump. 

The  exhausting  syringe  consists  of  a  hollow  cylinder,  generally  of 


Fig.  133. 


principle 
and  construc- 
tion of  the 
exhausting: 
syringe  and 
air-pump. 


S 


A. 

Fig.  136. 
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Dietal,  B  C,  Fig.  136,  very  truly  and  smoothly  bored  upon  Che  inside, 
and  having  a  piston  moving  in  it  air-light.  This  cylinder  communi' 
cates,  by  a  sciew  and  pipe  at  the  boltom,  with  any  vessel,  generally 
called  a  receiver,  from  which  it  is  desirable  to  withdraw  the  air.  The 
piston  has  a  valve  at  E,  opening  upward;  and  at  the  bottom  of  the 
cylinder  another  valve  precisely  similar  is  placed,  which  also  opens 
upward,  shown  at  A.  Suppose  now  the  piston  to  be  at  the  bottom 
of  the  cylinder,  and  the  receiver  to  be  in  proper  connection :  npon 
raisii^  the  piston  by  the  handle,  D,  a  vacuum  ia  made  in  the  cylinder; 


immediately  the  ait  in  the  receiver  expands,  passes  through  the  valve 
A  at  the  bottom  of  the  cylinder,  and  fills  its  interior;  upon  depress- 
ing the  piston,  the  valve  E,  opening  ujjward,  permits  the  air  to  pass 
through,  and  ihc  valve  A  at  the  bottom  of  the  cylinder,  closing,  pre- 
vents it  from  passii^  back  into  the  receiver.  Upon  again  raising  the 
piston,  a  further  portion  of  air  expanding  from  the  receiver  enters  the 
interior  of  the  syringe,  and,  upon  depressing  the  piston,  passes  out 
through  its  valve.     It  is  evident  that  this  operation  may  be  continued 
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as  long  as  the  air  within  the  receiver  has  elasticity  sufficient  to  force 
open  the  valves. 

The  process  of  removing  air  from  a  vessel  or  receiver  by  means 
of  the  exhausting  syringe  is  slow  and  tedious;  and  more  powerful 
instruments,  known  as  air-pumps,  are  generally  employed  for  this 
purpose.  The  modern  form  of  constructing  the  air-pump  is  represented 
in  Fig.  137.  The  principle  of  its  construction  is  the  same  as  that  of 
the  exhausting  syringe,  the  pistons  being  worked  by  a  lever  or  handle, 
the  valves  opening  and' closing  with  great  nicety  and  perfection. 

330.  When  the  density  of  the  air  is  required  to  \ye  increased,  the 

„,^     .     ^        condensing  syringe,  the   converse    of    the    exhausting 
what  IS  the  -^jt  ,,.  . 

construction     ^ynnge,  is  employed.     It  consists  merely  of  an  exhaust- 

of  the  ing  syringe,  or  air-pump,  reversed,  its  valves  being  so 

condensing       arranged  as   to  force  air   into  a  chamber,  instead   of 
syringe?  j        •        •  ■,-...  .  , 

drawing  it  out.  For  this  purpose  the  valves  open  in- 
ward in  respect  to  the  interior  of  the  cylinder,  while  in  the  exhausting 
syringe  and  air-pump  they  open  outward. 

331.  That  the  air  in  the  inside  of  vessels  is  the  force  which  resists 

and    counterbalances   the 
^A^h&t  is  an 
experimental    ^'^""^  pressure  of  the  exter- 

proof  of  the      nal     atmosphere,    may    be 

crushing  proved  bv  the  following  ex- 

force  of  the  ^ '      »      .  1 

atmosphere?    P^riment :    A   strong  glass 

vessel,  Fig.  138,  is  provided, 
"T        I    ^"  open  both  at  top  and  bottom,  and  having 

a  diameter  of  four  or  five  inches.  Upon 
one  end  is  tied  a  bladder,  so  as  to  be  completely  air-tight,  while  the 
ofher  end  is  placed  upon  the  plate  of  an  air-pump.  Upon  exhausting 
the  air  from  beneath  the  bladder,  it  will  be  forced  inward  by  the  press- 
ure of  the  air  outside ;  and,  when  the  exhaustion  has  been  carried  to 
such  an  extent  that  the  strength  of  the  bladder  is  less  than  this  press- 
ure, it  will  burst  with  a  loud  report. 

332.  The  air-pump  was  invented  in  the  year  1654,  by  Otto  Guericke, 

a  German ;  and  at  a  great  public  exhibition  of  its  powers. 
What  is  the  ,    •     ./  r  * u     i?  r  /-  1. 

experiment      w^ade  m  the  i>resence  of  the  Emperor  of  Germany,  the 

of  the  Mag.  celebrated  experiment  known  as  the  "  Magdeburg  hemi- 
deburg  hemi-  spheres  "  was  first  shown.  The  Magdeburg  hemispheres 
(so  called  from  the  city  where  Guericke  resided)  consist 
of  two  hollow  hemispheres  of  brass,  Fig.  139,  which  fit  together  air- 
tight.   By  exhausting  the  air  in  their  interior,  by  means  of  the  air- 
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pump,  ami  a  stop^ack  arrangement  affixed  to  one  ot  (he  lieniisphere 
it  will  be  found  that  Ihey  can  not  be  pulled  apart  wilhout  Ihe  exertia 
of  a  very  great  furce,  since  they  will  be  pressed  ti 
gelher  nith  a  force  of  fifteen  pounds  for  every  Eiquai 
inch  of  iheir  surfa<:e.  In  the  exhibition  above  n 
feried  to,  given  of  these  hemispheres  by  Guericki 
I  the  surfaces  of  a  pair  conKlructed  by  him  were  s 
'  large  that  thirty  horses,  fifteen  upon  a  side,  wei 
I  utiabte  to  pull  them  apart,  by  admiltiiig  the  a 
again  lo  their  interior,  the  Mag- 
deburg hemispheres  fall  apart  by 
their  own  weight. 

Another  inieresliiig  example 
of  atmospheric  pressure  is,  to  lili 
a  ivinegiass  or  tumbler  wilh  water 
to  the  brim,  and,  having  placed  a 


T  thei 


>uth, 1 


cautiously.     If  the  card  be  kept 
in  a  horizontal  position,  the  water  will  be  supported  in  the  gla: 
ibe  pressure  of  the  air  against  the  surface  of  the  card.     (See  Fig. 

333.  If  we  take  a  jar,  and,  having  filled  it  wilh  waler,  iniert  it 
reservoir  or   Itough,    _ 

.  ,"  Deieribe  the 
as  IS  represented  in  prt„cip|,  ,„d 
Fig.  141,  it  will  con-  cnnslruction 
tinue  10  be  complete-  "'  'he 
ly  SIM  wilh  „..=,,  «■••"—• 
the  liquid  being  sustained  in  il  by 
the  pressure  of  the  atmosphere  ii|>- 
on  the  water  in  the  vessel.  Such 
an  arrangement  enables  [he  chemist 
10  collect  and  preserve  the  various 
gases  without  admixlure  with  air ; 
for  if  a  pipe  or  tube  through  which 
a  gas  is  passing  l>e  depressed  be- 
ncalh  the  inouth  of  the  jar,  :>o  thai 
(he  bubbles  may  rise  inlo  it,  tliey 
will  displace  (he  waler,  and  be  col- 
lected in  (he  upper  part  uf  the  jar,  i.^  ,^,_ 
free  of  all  admixture. 

The  gasometers,  ur  large  cylindrical  vessels  in  which  gas  i: 
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lecled  in  gaS'Works  for  general  distribution,  ate  constructed  on  this 
principle.  Tliey  consist,  as  is  sliown  in  Fig.  142,  of  a  large  cyHrdrical 
reservoir  suspended  with  its  mouth  downivaid,  and  plunged  in  a  cistern 
of  ivalet  of  somewhat  greater  diameter.  A  pipe  which  leads  from  the 
gas-woiks  is  carried  through  the  water,  and  turned  upward,  so  as  to 
enter  the  mouth  of  the  gasometer.  The  gas,  flowing  through  the  pipe, 
rises  into  the  gasometer,  tilling  the  upper  part  of  it,  and  pressing  down 


the  water.  Another  pipe,  descending  from  the  gasometer  through 
the  water,  is  continued  10  the  service-pipes  which  supply  the  gas. 
The  gasometer  is  balanced  by  counter- weights  supported  by  chains 
which  pass  over  pulleys ;  and  just  such  a  preponderance  is  allowed  to 
it  as  is  sufficient  to  give  the  gas  contained  in  it  the  compression  neces- 
sary to  drive  it  through  the  pipes  tu  the  remotest  part  of  (he  district 
to  be  illuminated. 

334.  A  liquid  will  not  fiovi  continuously  from  a  tight  cask  after  it 
has  been  tapped  or  pierced,  unless  another  opening  is 
Why  will         made   as  a  vent-hole  in   the   upper  part   of  the  cask. 
flaw  from  ■      '^  l^e  cask  being  aii-tighl  with  ihe  exception  of  a  single 
tigtit  c»k  opening,  Ihe  surface   of  the  liquid  in  the  vessel  will  be 

only  excluded  from  the  atmospheric  pressure,  and  it  can 
oDcapcnide  ^^^^  ^^^^  ^^^  ,^  virtue  of  its  own  weight.  But,  if  (he 
weight  of  (he  liquid  be  less  (hati  the  force  of  the  air  pressing  upon 
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the  moulh  of  ihe  opening,  (he  llijuid  can  not  Rovi  from  ihe  cask :  the 
moment,  however,  that  the  ajr  is  enabled  to  act  through  ilie  vent-hole 
in  the  upper  part  oE  the  cask,  the  pressure  below  is  counterlialanced, 
and  the  liquid  descends  and  runs  freely  through  the  o|>eniiig  by  its 
□u-n  weight. 

If  the  lid  o(  a  teapot  or  kettle  be  air-tight,  the  liquid  will  not  flow 
freely  from  the  spout,  on  account  of  the  atmospheric  pressure.  This 
is  remedied  by  making  a  small  hole  in  the  lid,  which  allows  the  air  to 
enter  from  without. 

The  pneumatic  inkstand  {Fig.  143),  designed  to  prevent  the   ink 
from  thickening,  by  the  exposure  of  a  small  surface  only 
to  the  air,  is  constructed  upon  the  principles  of  atmos-   What  is  the 
pheric  pressure.    By  filling  the  inkstand  in  an  inclined   constiuciian 
position,  we   exclude  the   air  in   great   part  from  the    a(  the 
interior;  and,  on  replacing  it  in  an  upright  position,  the   P'lf""*l'5 
ink  will  be  prevented  from  rising  in  the  small  tube,  and 
flowing  over,  on  account  of  the  atmospheric  pressure  upon  the  exposed 
surface  of  the  ink  in  the  small  tube,  which 
is  much  greater  than  llie  pressure  of  the 
column  of  liquid  in  the  interior  of  the  ves- 
sel.   As  the  ink  in  the  small  tube  is  con- 
sumed by  use,  its   surface  wit!  gradually 
fall ;  a  small  bubble  of  air  will  enter,  and   ' 
rise  to  the  top  of  the  bottle,  where  it  will 
exert  an  clastic  pressure,  which  causes  the  p^^. 

surface  of   the   ink  in  the  short   tube  to 

rise  a  little  higher ;  and  this  effect  will  be  re[iealed  until  all  the  ink 
in  the  bottle  has  been  used. 

335.  The   peculiar  g;urgling   noise   produced  when  liquid  is  freely 
poured  from  a  bottle  is  produced  by  the  pressure  o(  the 
atmosphere  forcing  air  into  the  interior  of  the  bottle.   ^t'i?e'ip«^re 
In  the  lirst  instance,  the  neck  of  the  bottle  is  filled  with    when  illiquid 
liquid,  so  as  to  stop  the  admission  of  air.     When  a  part   "  poured 
has  flowed  out,  and  an  empty  space  is  formed  within   j,™  J*™ 
the  bottle,  the  atmospheric  ijressuTe  forces  in  a  bubble 
of  air  through  the  liquid  In  the  neck,  which,  by  rushing  suddenly  into 
the  interior  of  the  bottle,  i>roduces  the  sound.    The  bottle  will  continue 
to  gurgle  so  long  as  the  tieck  continues  to  be  choked  with  liquid.    But, 
as  the  contents  of  the  bottle  are  discharged,  the  liquid,  in  flowing  out, 
only  partially  tills  the  neck;  and,  while  a  stream  passes  out  through 
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the  lower  half  of  the  neck,  a  stream  of  air  passes  in  through  the  upper 
part.  The  flow  being  now  continued  and  uninterrupted,  no  sound 
takes  place. 

336.  Water,  and  most  liquids  exposed  to  the  air,  absorb  a  greater 
Does  air  ^^  ^^^^  quantity  of  it,  which  is  maintained  in  them  by 

exist  in  the  pressure  of  the  atmosphere  acting  on  their  surfaces. 

^**®*"  Boiled  water  is  flat  and  insipid,  because  the  agenc>' 

of  heat  expels  the  air  which  the  water  previously  contained.  Fishes 
and  other  marine  animals  could  not  live  in  water  deprived  of  air.  The 
amount  of  air  retained  by  water  varies  with  the  pressure  of  the  atmos- 
phere. At  an  altitude  of  six  thousand  or  eight  thousand  feet,  owing 
to  the  reduced  atmospheric  pressure,  water  holds  two-thirds  less  than 
its  usual  amount  of  air.  Hence,  because  of  an  inadequate  supply  of 
air,  fish  cannot  live  in  high  mountain  lakes. 

The  presence  of  air  in  water  may  be  shown  by  placing  a  tumbler 
.       containing  this  liquid  under  the  receiver  of  an  air-pump, 
presence  of       *i"d  exhausting  the  air.     The  pressure  of  the  air  being 
air  in  water      removed  from  the  surface  of  the  water,  minute  bubbles 
be  shown  ^^,jjj  ^^j^g  their  appearance  in  the  whole  mass  of   the 

water,  and,  rising  to  the  surface,  escape. 

The  reason  that  certain  bottled  liquors  froth  and  sparkle  when 
uncorked,  and  poured  into  an  open  vessel,  is,  that  when 
some  bottled     ^^^V  ^^^  bottled  the  air  confined  under  the  cork  is  con- 
liquids  froth     densed,  and  exerts  upon  the  surface  a  pressure  greater 
and  sparkle  ?    ^^^^  ^^^^  q£  ^^^  atmosphere.     This  has  the   effect  of 

holding,  in  combination  with  the  liquor,  air  or  gas,  which,  under  the 
atmospheric  pressure  only,  would  escape.  If  any  air  or  gas  rise  from 
the  liquor  after  being  bottled,  it  causes  a  still  greater  condensation, 
and  an  increased  pressure  above  its  surface.  When  the  cork  is  drawn 
from  a  bottle  containing  liquor  of  this  kind,  the  air  fixed  in  the  liquid, 
being  released  from  the  pressure  of  the  air  which  was  condensed 
under  the  cork,  instantly  makes  its  escape,  and,  rising  in  bubbles, 
produces  effervescence  and  froth. 

It  sometimes  happens  that  the  united  force  of  the  air  and  gases, 
thus  confined  in  the  bottle,  becomes  greater  than  the  cohesive  strength 
of  the  particles  of  matter  composing  the  bottle ;  the  sides  of  the  bottle 
in  such  cases  give  way,  or  burst. 

Those  liquors  only  froth  which  are  viscid,  glutinous,  or  thick,  like 
ale,  porter,  &c.,  because  they  retain  the  little  bubbles  of  air  as  they 
rise ;  while  a  thin  liquor,  like  champagne,  which  suffers  the  bubbles 
to  escape  readily,  sparkles.  ' 
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337.  The  pressure  of  the  atmosphere  is  connected  with  the  action 
of  breathing.    The  air  enters  the  lungs,  not  because    u^^  jg  ^hc 
they  draw  it  in,  but  by  the  weight  of  the  atmosphere    pressure  of 
forcing  it  into  the  empty  spaces  formed  by  the  expan-   *^*  atmos- 
sion  of  the  air-cells  of  the  lungs'.    The  air  in  turn  escapes    nected  with 
from  the  lungs  by  means  of  its  elasticity ;  the  lungs,  by   the  act  of 
muscular  action,  compress  the  air  contained   in  them,    breathing  ? 
and  give  to  it  by  compression  a  greater  elasticity  than  the  air  without. 
By  this  excess  of  elasticity  it  is  propelled,  and  escapes  by  the  mouth 
and  nose. 

338.  Advantage  has  been  taken  of  the  pressure  of  the  atmosphere 

for  the  construction  of  an   atmospheric  telegraph,  or ^ 

-  ,  M  ,       ,  \        What  is  the 

apparatus  for  conveying   the   mails  and   other  matter   proposed 

over  great   distances  with    great   rapidity.      The   plan    construction 

is  as  follows :  A  long  metal  tube  is  laid  down,  the  in-   ®^  ****        . 

terior  surface  of  which  is  perfectly  smooth  and  even,    telegraph? 

A  piston  is  fitted  to  the  tube  in  such  a  manner  as  to 

move  freely  in  it,  and  yet  be  air-tight.    To  one  side  of  this  piston  the 

matter  to  be  moved,  made  up  in  the  form  of  a  cylindrical  bundle,  is 

attached.     A  partial  vacuum  is  then  made   in  the   tube  before  the 

piston,  by  means  of  large  air-pumps  worked  by  steam-power,  located 

at  the  farther  end  of  the  tube,  when  the  pressure  of  the  atmosphere 

on  the  other  side  of  the  piston  impels  it  forward  through  the  whole 

length  of  the  exhausted  tube.     It  has  been  estimated  that  a  piston, 

drawing  after  it  a  considerable  weight  of  matter,  could  in  this  way  be 

forced  through  a  tube  at  the  rate  of  six  hundred  miles  per  hour. 

339.  The  pressure  of  the  atmosphere  is  also  taken  advantage  of  in 
the  construction  of  a  great  variety  of  machines  for  raising  water ;  the 
most  important  and  familiar  of  which  is  the  common  (or  suction) 
pump. 


The  common  (or  suction)  pump  consists  of  a  hol- 
low cylinder,  or  barrel,  open  at  both  ends,  Describe  the 
in    which    is   worked   a    movable    piston,  of  the^om"** 
which  fits  the  bore  of  the  cylinder  exactly,  monpump. 
and  is  air-tight.     The  pump  is  further  provided  with 
two  valves,  one  of  which  is  placed  in  the  piston,  and 
moves  with  it,  while  the  other  is  fixed  in  the  lower 
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part  of  the  pump-barrel.     These  valves  are  termed 
boxes. 

Fig.  144  represents  (he  construclion  of  the  common  pump.  The 
body  consists  of  a  cylinder,  or  barrel,  B,  Ihe  lowei  pat!  of  which. 
called  the  suclion-pipe,  descends  into  Ihe  waler  which  it  is  designed 
to  raise.  In  the  barrel  works  a  piston  containing  a  valve,  c,  opening 
upward.  A  similar  valve,  o,  is  fijied  in  the  body  of  the  pump,  al.  the 
top  of  the  suction-pi  i>e. 


The  operation  of  the  pump  in  raising  water  is  as  follows ;  When 
the  piston  is  raised  from  the  bottom  of  the  cylinder,  the  air  above  it  is 
drawn  up,  leaving  a  vacuum  below  the  piston;  the  water  in  the  well 
then  rushes  up  through  the  valve  a,  and  fills  Ihe  cylinder;  the  piston 
is  then  forced  down,  shutting  Ihe  valve  a,  and  causing  the  water  to 
rise  through  the  piston-valve  i  ,-  Ihe  piston  is  then  raised,  closing  its 
valve,  and  raising  the  water  above  it,  which  flows  out  of  the  spoul. 
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34a  Water  rises  in  a  pump  simply  and   entirely 
by  the  pressure  of  the  atmosphere  (fifteen  wny  oon 
pounds    on    every    square    inch),    which  ][''o^^^'" 
pushes  it  up  into  the  void  or  vacuum  left  pump' 
by  the  updrawn  piston. 

341.  The  common  {or  suction)  pump  can  not  raise 
water  beyond  the  point  of  height  at  which  ^owbiit 
the  column  of  water  in  the  pump-tube  is  ii«i<htwiii 
exactly  balanced  by  the  weight  of  the  at-  thecomnoa 
mosphere.     The  utmost  limit  of  this  does  p""p' 
not  exceed  thirty-four  feet;   but  in  practice,   owing 
to  imperfections  in  the  mechanism  of  the  pump,  the 
length  of  the  tube  should  not  exceed  thirty  feet. 

342.  A  valve,  in  general,  is  a  contrivance  by  which 
water  or  other   fluid,    flowing   through   a  wh«tu» 
tube  or  aperture,  is  allowed  free  passage  "'i"? 

in  one  direction,  but  is  stopped  in  the  other.  Its 
structure  is  such,  that,  while  the  pressure  of  fluid  on 
one  side  has  a  tendency  to  close  it,  the  pressure  on 
the  other  side  has  a  tendency  to  open  it. 


Figs.  145,  146,  147,  represent  the  various  forms  o(  valv«s  used  in 
pumps,  water-engines,  &c, 

343,  Wlien  it  is  desired  to  raise  water  to  a  greater  height  Ihan 
thirty-four  feet,  a  modification  of  the  pump,  called  the  forcing-pump, 
ii  employed. 


194  NATURAL   PHILOSOPHy. 

The   forcing-pump   is   an   apparatus  which  raises 

water  from  a  reservoir  on  the  principle  of 
What  li »  ,        , 

taiciag-         the  suction-pump,  and  then,  by  the  press- 
pntnp  yj.g  q£  jj^g  piston  on  the  water,  elevates  it 

to  any  required  height. 

Fig.  14S  reptesenls  the  principle  ot  ihe  construction  of  the  forcing- 
pump.  There  is  no  valve  in  Ihe  piston  B ;  but  the  water  raised  through 
the  suctioii'pipe  A  and  the  valve  a,  by  the  elevation  of  the  piston,  is 
forced  by  each 
depression  of 
the  piston  up 
through  the 
pipe  D,  which 
is  furnished 
with  a  valve,  </, 

return    of    the 

The  flow  of 
the     water    is 


fire-engine,  an 
air-chamber  is 
added  to  the 
force-pump  at 
D.  The  water 
then,  instead  of 
immediately 
passing  off 
through  the  dis- 
charging ■  pipe, 

!.■,=.  ,48,  1^"'^">'    **"' 

the  air-vessel, 
and,  by  the  action  of  the  piston  in  the  pump,  compresses  Ihe  air 
contained  in  it.  The  elasticity  of  the  air  thus  compressed  being 
irtcreased,  it  re-acts  upon  the  water,  and  forces  its  ascent  in  the 
discharge  or  force   pipe.      When   the   air  in   the   chamber  is  con- 
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densed  into  halE  its  original  bulk,  it  will  act  upon  the  surface  of 
the  water  with  double  the  atmospheric  pressure,  while,  the  water  in  the 
force-pipe  being  subject  to  only  one  atmospheric  pressure,  there  will 
be  an  unrestricted  force,  pressing  the  water  up,  equal  to  one  atmos- 
phere :  consequently  a  column  of  water  will  be  sustained  or  projected 
to  a  height  of  thirty-four  feet.  When  the  air  is  condensed  into  one- 
third  of  its  bulk,  its  elastic  force  will  be  increased  threefold,  and  it  wilt 
then  not  only  counterbalance  the  ordinary  atmospheric  pressure,  but 
will  force  the  water  upward  with  a  pressure  equal  to  two  atmospheres, 
or  sUty-eight  feet,  and  so  on.  The  ordinary  fire-engine  is  simply  a 
convenient  arrangement  of  two  forcing-pumps,  furnished  with  a  strong 
air-chamber,  and  which  are  worked  successively  by  the  elevation  and 
depression  of  two  long  levers  called  iraies. 

344.  The   siphon   is   an    apparatus     by   which    a 
liquid  can  be  transferred  from  one  vessel  y^^,,  „ , 
to  another  without  inverting  or  otherwise  *ip*'o<i' 
disturbing  the  position  of  the  vessel  from  which  the 
liquid  is  to  be  removed. 

In  its  simplest  form,  the  siphon  con- 
sists of  a  bent  tube,  ABC,  Fig.  149, 
having  one  of  its  branches  longer  than 
the  other.  If  we  immerse  the  short 
arm  in  a  vessel  of  water,  and  by  apply, 
ing  the  mouth  to  the  long  arm,  as  at  C, 
exhaust  the  air  in  the  tube,  the  water 
wilt  be  pressed  over  by  atmospheric 
pressure,  and  continue  to  flow  so  long 
as  the  end  of  the  lower  arm  is  below  ^ 

the  level  of  the  water  in  the  vessel. 

The  explanation  of  the  action  of  the  siphon  is  as  follows:  The 
column  of  liquid  in  the  longer  arm,  and  that  reaching  in    [;„„  whit 
the  shorter  arm  from  the  top  of  the  curve  or  bend  to   principle 
the  surface  of  the  liquid  in  the  vessel,  have  both  a  tend-    ^°"  ^' 
ency  to  obey  the  attraction  of  gravity,  and  fall  out  of 
the   tube.    This  tendency   is   opposed,   however,   on  both   sides,  by 
atmospheric  pressure,  acting  on  one  side  at  the  opening  C,  and  upon 
the  other  upon  the  surface  of  the  liquid  in  the  vessel ;  thus  preventing, 
in  the  interior  of  the  lube,  the  formation  of  a  vacuum,  which  would 
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take  place  at  the  curve  if  Che  two  columns  ran  down  on  both  sides. 
But,  the  column  on  one  side  being  longer  than  npon  (he  oihet,  the 
weight  of  the  long  column  overbalances  the  short  one.  and  determines 


the  direction  of  Che  flow;  and,  in  proportion  as  the  liquid  escapes  from 
the  long  arm,  a  fresh  portion  is  forced  into  the  short  arm  on  the  other 
side  by  the  pressure  of  the  air.    The  siphon  is  therefore  kept  full  bj- 
the  pressure  of  the  atmos- 
phere, and  kept    running 
by  the  irregularity  of  the 
lengths  of  the  columns  in 
its  branches.    (Fig.  150.) 
The  curious  phenome- 

BxpUlDthe  "°"  "f  ■'"- 
phanamenan  termitting 
of  iDtermit-      springs  may 

""'■'*"■•    bcixpliimd 
upon  the  principle  of  the 
siphon.    These  springs  run 
',  and  then  stop  altogether,  and  after  a  time  run  again,  and 
then  slop.    If  we  suppose  a  reservoir  in  the  interior  of  a   hill   01 
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mountain,  with  a  siphon-like  channel  running  from  it,  as  in  Fig.  151, 
then,  as  soon  as  the  water  collecting  in  the  reservoir  rises  to  the  height 
shown  by  the  dotted  line,  the  stream  will  begin  to  flow,  and  con- 
tinue flowing  till  the  reservoir  is  nearly  emptied.  Again,  after  an 
interval  long  enough  to  fill  the  reservoir  to  the  required  height,  it  will 
again  flow,  and  so  on. 

345.  If  a  solid  substance  have  the  same  density  as 
atmospheric  air,  it  will,  when  immersed  in  when  wui  a 
air,  lose  its  entire  weight,  and  will  remain  ^°**^  '!f"^** 

'  *=>      '  suspended  in 

suspended  in  it  in  any  position  in  which  it  the  air? 
may  be  placed. 

346.  If  a  solid  body,  bulk  for  bulk,  be  lighter  than 
atmospheric  air,  it  is  pressed  upward  by 

the  surrounding  particles  of  air,  and  rises,  body  nsc  in 

,.  ...  ,         .  the  air  ? 

upon  the  same  prmciple  as  a  cork  rises 

from  the  bottom  of  a  vessel  of  water.     (See  §  251.) 

As  the  density  of  the  air  continually  diminishes  as  we  ascend  from 

the  surface  of  the  earth,  it  is  evident  that  such  a  body,  .       . 

as  it  goes  up,  will  finally  attain  a  height  where  the  air  point  will  an 

will  have  the  same  density  as  itself,  and  at  such  a  point  ascending 

the  body  will  remain  stationary.     Upon  this  principle  ^  ^  remain 
clouds,  at  different  times,  float  at  different  degrees  of 
elevation. 

It  is  also  upon  these  principles  that  aerostation,  or  the  art  of  navi- 
gating the  air,  depends. 

347.  Balloons  are  machines  which  ascend  through 
the   atmosphere,    and   float   at    a   certain  what  are 
height,  in  virtue  of  being  filled  with  a  gas  ^a"oo°8? 
or  air  lighter  than  the  same  bulk  of  atmospheric  air. 

Balloons  are  of  two  kinds  :  Monigolfier,  or  rarefied- 
air   balloons,    and   Hydrogen  Gas  balloons.   ,  ^ 

'  ,  What  are  the 

The  first  are  filled  with  common  air  rare-  two  varieties 

fied  by  heat,  and  thus  made  lighter  than 

the  surrounding  atmosphere;  while  the  second  are 
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filled   with   hydrogen,  a  gas   about  fourteen   times 

lighter  than  air. 

The  rarefied-air  balloon  was  invented  by  Montgolfier,  a  French 
Describe  the  gentleman,  in  1782,  who  first  filled  a  paper  bag  with 
Montgolfier,  heated  air,  and  allowed  it  to  pass  up  a  chimney.  He 
orrarefied-air   afterward  constructed  balloons  of  silk,  of  a  spherical 

°°°*  shape,  with  an  aperture  formed  in  the  lower  surface. 

Beneath  this  opening  a  light  wire  basket  was  suspended,  containing 
burning  material.  The  hot  air  arising  from  the  burning  substances 
enters  the  aperture,  and,  rendering  the  balloon  specifically  lighter  than 
the  air,  causes  it  to  ascend  with  considerable  velocity.  Small  balloons 
of  a  similar  character  are  frequently  made  at  the  present  day  of  paper, 
the  air  within  them  being  rarefied  by  means  of  a  sponge  soaked  in 
alcohol,  suspended  by  a  wire  beneath  the  mouth,  and  ignited. 

The  hydrogen-gas  balloon  consists  of  a  light  silken  bag,  filled  either 
Describe  the  ^^'^  hydrogen,  or  common  illuminating-gas.  The  dif- 
hydrogen-  ference  between  the  specific  weight  of  either  of  these 
gas  balloon,  gases,  and  common  air,  is  so  great,  that  a  large  balloon 
filled  with  them  possesses  ascensional  power  sufiicient  to  rise  to  great 
heights,  carrying  with  it  considerable  additional  weight.  The  aeronaut 
can  descend  by  allowing  the  gas  to  escape  by  means  of  a  valve,  there- 
by diminishing  the  bulk  of  the  balloon.  To  enable  him  to  rise  again, 
ballast  is  provided,  generally  consisting  of  bags  of  sand,  by  throwing 
out  which,  the  balloon  is  lightened,  and  accordingly  rises. 

By  means  of  one  of  these  machines  Gay  Lussac,  an  eminent  French 
chemist,  ascended  in  1804,  for  the  purpose  of  making  meteorological 
observations,  to  the  great  height  of  twenty-three  thousand  feet ;  and 
Glaisher,  an  Englishman,  in  the  year  1862  attained  the  height  of  thirty- 
seven  thousand  feet. 

348.  Air  obeys  the  laws  of  motion  which 

Do  the  laws  *^^  ^ 

of  motion       are  common  to  all  other  material  and  pon- 

app  y  to  air       ^^yz!o\^  SUbstanCCS. 

349.  The  momentum  of  air,  or  the  amount  of  force 
How  is  the  which  it  is  capable  of  exerting  upon  bodies 
S°^r*°*"™  opposed  to  it,  is  estimated  in  the  same 
calculated?  way  as  in  the  case  of  solids;  viz.,  by  mul- 
tiplying its  weight  by  its  velocity. 


PNEUMATICS.  199 

The  momentum  of  air  is  usefully  employed  as  a  mechanical  agent 

in  imparting  motion   to  windmills  and  to  ships.      Its    ..  . 

*.,.«.  .       1       r  r      •    J     What  are 

most  strikmg  effects   are  seen  m   the  force  of  wind,    illustrations 

which  occasionally,  in   hurricanes  and  tornadoes,  acts    of  the 

with  fearful   power,   prostrating    trees    and    buildings,    njomentum 

Such  results  are  caused  by  the  momentum  of  the  air 

being  greater  than  the  force  by  which  a  building  or  a  tree  is  fastened 

to  the  earth. 

350.  Any  force  acting  suddenly  upon  the  air  from  a  center  imparts 

to  it  a  rotary  movement.    A  very    _,,.    . 

'  /     What  causes 

beautiful   illustration    of    this  is    the  rings  ^-^VC^i^l^  T^*^-^ 

seen  in  the  rings  of  smoke  which    of  smoke         /^S!vV»^'^^^^*vlvi{^^ 

are  produced  by  the  mouth  of  a   .tVung.'"     ^^^(rii^^^fP^ 
skillful   tobacco-smoker,  and  fre-    and  in  the  ^^XA/-^-^--*^ 

quently  also  upon  a  much  larger    discharge  Fig.  152. 

scale  by  the  discharge  of  cannon    °  cannon 

on  a  still  day.  Smoke,  issuing  from  the  smoke-stack  of  a  locomotive 
just  beginning  to  move,  frequently  rises  in  the  form  of  these  rings, 
which  retain  their  shape  and  motion  for  some  time.  In  these  cases  a 
portion  of  air  acted  upon  suddenly  from  a  center  is  caused  to  rotate, 
and  the  particles  of  smoke  render  the  motion  visible.  The  whole  cir- 
cumference of  each  circle  is  in  a  state  of  rapid  rotation,  as  is  shown 
by  the  arrows  in  Fig.  152.  The  rapid  rotation,  in  short,  confines  the 
smoke  within  the  narrow  limits  of  a  circle,  and  causes  the  rings  to  be 
well  defined. 

Practical  Problems  in  Pneumatics 

I.  If  100  cubic  inches  of  air  weigh  31  grains,  what  will  be  the  weight  of  one  cubic 
foot? 

3.  If  the  pressure  of  the  atmosphere  be  15  pounds  upon  a  square  inch,  what 
pressure  will  the  body  of  an  animal  sustain,  whose  superficial  surface  is  40  square 
feet? 

3.  When  the  elevation  of  the  mercury  in  the  barometer  is  28  inches,  what  will  be 
the  height  of  a  column  of  water  supported  by  the  pressure  of  the  atmosphere  ? 

Solution. — Column  of  mercury  supported  by  the  atmosphere  =  28  inches.  Mer- 
cury being  13II  times  heavier  than  water,  the  column  of  water  supported  by  the  atmos- 
phere =  13^  X  28  =  31)  feet. 

4.  When  the  elevation  of  the  mercury  in  the  barometer  is  30  inches,  what  will  be 
the  height  of  a  column  of  water  supported  by  the  atmosphere  ? 

5.  To  what  height  may  water  be  raised  by  a  common  pump,  at  a  place  where  the 
barometer  stands  at  24  inches  ? 

6.  If  a  cubic  inch  of  air  weighs  .30  of  a  grain,  what  weight  of  air  will  a  vessel 
whose  capacity  is  60  cubic  inches  contain  ? 


CHAPTER   X. 

ACOUSTICS. 

351.  Acoustics  is  that  department  of  physical  scir 

ence  which  treats  of  the  nature,  phenom- 

What  is  the  t        ,  1 

science  of       cna,  and  laws  ot  sound.     It  also  includes 

acoustics?         ^1       ^1  r  •      1  11 

the  theory  of  musical  concord  or  harmony. 

352.  Sound  is  the  sensation  produced  on  the  or- 
whatis  gans  of  hearing,  when  any  sudden  shock 
sound?  Qj.  impulse,  causing  vibrations,  is  given  to 
the  air,  or  any  other  body,  which  is  in  contact, 
directly  or  indirectly,  with  the  ear. 

Under  what        353.  When  an  elastic  body  is  disturbed 

Sancesdo  2it  any  point,  its  particles  execute  a  series 

movements  ^^  vibratory  movements,  and  gradually  re- 

arise?  turn  to  a  position  of  rest. 

Thus,  when  a  glass  tumbler  is  struck  by  a  hard  body,  a  tremulous 
agitation  is  transmitted  to  its  entire  mass,  which  movement  gradually 

diminishes  in  force  until  it  finally  ceases. 
,- —  b'~"~^^'-.  Such  movements  in  matter  are  termed 

y^^'-'lll -£ -J;;  ~N,         vibrations,  and  when  communicated  to 

^--'— "~ -2;%     the  ear  produce  a  sensation  of  sound. 

"^\>5"~r."_~ — ~c'~~'.S''''l''y''  The  nature  of  these  vibratory  move- 

^'^C/" --— ^— — ''Jj"'''  ments  may  be  illustrated  by  noticing 

IT  the   visible   motions  which    occur   on 

striking  or  twitching  a  tightly  extended 
cord  or  wire.     Suppose  such  a  cord,  represented  by  the  central  line 
in  Fig.  153,  to  be  forcibly  drawn  out  to  A,  and  let  go :  it  would  imme- 
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diately  recover  its  original  position  by  virtue  of  its  elasticity;  but 
when  it  reached  the  central  point  it  would  have  acquired  so  much 
momentum  as  would  cause  it  to  pass  onward  to  a ;  thence  it  would 
vibrate  back  in  the  same  manner  to  B,  and  back  again  to  b^  the  extent 
of  its  vibration  l>eing  gradually  diminished  by  the  resistance  of  the 
air,  so  that  it  would  at  length  return  to  a  state  of  rest. 

In  vibratory  movements  of  this  kind  all  the  separate  particles  come 
into  motion  at  the  same  time,  simultaneously  pass  the    _^ 
point  of  equilibrium  or  rest,  simultaneously  reach  the    nature  of  a 
maximum  of  their  vibration,  and  simultaneously  begin    stationary 
their  retrograde  motion.    Such  vibrations  are  therefore    ^***'***°°' 
called  stationary  or  fixed  vibrations. 

If,  however,  the  motions  of  the  vibrating  body  are  of  such  a  char- 
acter that  the  agitation  proceeds  from  one  particle  to    ^       .^   ,^ 

,  1,1,  ...  Describe  the 

another,  so  that  each  makes  the  same  vibration  or  oscil-    nature  of  a 

lation  as  the  preceding  one,  with  the  sole  exception  of    progressive 
the  motion  beginning  later,  we  have  what  is  called  pro-   ^»*"^®**o"' 
gressive  vibrations.    Thus,  if  we  fasten  a  cord  at  one  end,  and  move  the 
other  end  up  and  down,  a  wave,  or  progressive  vibration,  is  produced. 

This  motion  may  be  best  illustrated  by  comparing  it  to  the  motion 
produced  by  the  wind  in  a  field  of  grain.  The  grassy  waves  travel 
visibly  over  the  field  in  the  direction  in  which  the  wind  blows;  but  this 
appearance  of  an  object  moving  is  only  delusive.  The  only  real  motion 
is  that  of  the  heads  of  the  grain,  each  of  which  goes  and  returns  as  the 
stalk  stoops  or  recovers  itself.  This  motion  affects  successively  a  line 
of  ears  in  the  direction  of  the  wind,  and  affects  simultaneously  all  the 
ears  of  which  the  elevation  or  depression  forms  one  visible  wave. 
The  elevations  and  depressions  are  propagated  in  a  constant  direction, 
while  the  parts  with  which  the  space  is  filled  only  vibrate  to  and  fro. 
Of  exactly  such  a  nature  is  the  propagation  of  sound  through  air. 

354.  Sound-vibrations  in  solid  bodies  may  be  rendered  visible  by 
many  simple  contrivances.    If  we  attach  a  ball  by  means 
of  a  string  to  a  bell,  and  strike  the  bell,  the  ball  will    "g'J^ound- 
vibrate  so  long  as  the  bell  continues  to  sound.     When  a    vibrations  in 
bell  is  sounding,  also,  the  tremulous  motion  of  its  parti-    solid  bodies 
cles  may  be   perceived  by  gently  touching  it  with  the      .5*°.*"** 
finger.    If  the  finger  is  pressed  firmly  against  the  bell, 
the  sound  is  stopped,  because  the  vibrations  are  interrupted.    When 
sounds  are  produced  by  drawing  the  wet  finger  around  the  edge  of  a 
glass  containing  water,  waves  will  be  seen  undulating  from  the  sides 
toward  the  center  of  the  glass. 
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IC  a  cane  or  flenble  metallic  rod,  fixed  at  one  oE  its  ends,  be  moved 
froni  a  position  of  rest,  it  will  execute  a  series  of  oscillations,  the 
amplitude  (largeness  of  dimension)  oE  which  continues  lo  decrease 
until  at  last  the  motion  ceases.  During  the  vibrations  of  the  rod  a 
sound  is  heard,  which  decreases,  and  ends  with  the  movemenL 

The  most  interesting  method  of  exhibiting  the  character  of  sound 

is  by  means  of  the  so<alled  "acoustic  figures,"  which 
(o-called  '"'^y  ^  produced  in   the  following  manner :   Sprinkle 

acoustic  some  fine  sand  over  a  square  or  round  piece  of  thin 

'"■'"*'  glass  or  metal,  and,  holding  the  plate  firmly  by  means  of 

a  pair  of  pincers,  draw  a  violin-bow  down  the   edge : 
the  sand  in  put  in  motion,  and  finally  arranges  itself  along  those  parts 


I 


I  HI  I 


of  the  surface  which  have  the  least  vibratory  motion.  By  changing 
the  point  by  which  the  plate  is  held,  or  by  varying  the  parts  to  which 
the  violin-bow  is  applied,  the  sand  may  be  made  to  assume  various 
figures,  as  shown  in  Fig.  1 54. 

355.  It  is  necessary  that  there  should  be,  between 

the  source  of  sound  and  the  ear,  some 

leuod  medium  which  may  receive  vibrations  from 

"^     °         the  source  of  sound,  and  transmit  them 

to  the  ear. 
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Air   is  the   usual   medium  through  which  sound  is   Whttisthe 
conveyed  to  the  ear.    The  vibrating  body  imparts  to   u»ual  medi- 
the  air  in   contact  with   it  an  undulatory  or  wavelike   ^•-1,"'"*^  ^ 
movement,  which,  propagating  itself  in  every  direction,    is  propa- 
reaches  the  ear,  and  produces  the  sensation  of  sound.         gated  ? 

Air  is  not  necessary  to  the  production  of  sound,  although  most 
sounds  are  transmitted  by  its  vibrations. 

When  a  stick  is  held  between  the  teeth  at  one  ex-    Is  air  neces- 
tremity,  and  the  other  is  placed  in  contact  with  a  table,    *^^  *°  **** 
the  scratch  of  a  pin  on  the  table  may  be  heard  with    ©f  sound? 
great  distinctness,  though  both  ears  be  stopped. 

The  earth  often  conducts  sound,  so  as  to  render  it  sensible  to  the 
ear,  when  the  air  fails  to  do  so.  It  is  well  known  that  the  approach 
of  a  troop  of  horse  can  be  heard  at  a  distance  by  putting  the  ear  to 
the  ground;  and  savages  practice  this  method  of  ascertaining  the 
approach  of  persons  from  a  great  distance. 

356.  If  no  substance  intervenes  between  under  what 
the  vibrating   body   and    the    organs    of  stwIcTs 
hearing,   no   sensation   of    sound   can   be  ^^J^jJabuT 

produced.  *«  ^car  a 

*  sound  ? 

This  is  readily  proved  by  placing  a  bell,  rung  by  the 
action  of  clockwork,  beneath  the  receiver  of  an  air-pump,  and  exhaust- 
ing the  air.  No  sound  will  then  he  heard,  although  the  striking  of  the 
tongue  upon  the  bell,  and  the  vibration  of  the  bell  itself,  are  visible. 
Now,  if  a  little  air  be  admitted  into  the  receiver,  a  faint  sound  will 
begin  to  be  heard;  and  this  sound  will  become  gradually  louder  in 
proportion  as  the  air  is  gradually  re-admitted,  until  the  air  within  the 
receiver  is  in  the  same  condition  as  that  without.  Sound,  therefore, 
can  not  be  propagated  through  a  vacuum. 

357.  Vibrating  bodies  which  are  capable   of  thus 
imparting    undulations    to    the     air    are  what  are 
termed  sounding,  or  sonorous,  bodies.         bodjes?" 

358.  If  a  tuning-fork  be  struck  against  any  hard  body,  its  prong  at 

once  vibrates,  and  in  so  doing  it  causes  the  air  next  to 

it  to  vibrate  also.    These  vibrations  are  transmitted  by    propagated  ? 

a  succession  of  condensations  (a,  d,  £,  d^  Fig.  155)  and 

farefactions  {a',  b',  c',  d%  like  waves  along  the  surface  of  water.    To 
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each  complete  vibration  of  the  prong  a  !>eries  of  condensalions  there- 
fore correspond,  a  condensed  half-wave ;  then  a  series  oE  dilatations, 


piy  an  agnation,  or  tremor,  ctHnmunicating  irom  one  par- 
ticle lo  anolhet:  so  that  each  particle,  like  a  pendulum  which  has 
been  made  to  oscillate,  recovers  at  length  its  original  position. 

Howdon*  359-  The  power  of  a  medium  to  trans- 

miMi'mli       "lit  sound  varies  with  its  density  and  elas- 

viryf  360.  Sound  decreases  in  intensity  from 

the  center  where  it  originates,  according  to  the  same 
How  ii  the  law  by  which  the  attraction  of  gravitation 
intensity  of  varies,  viz.,  inversely  as  the  square  of  the 
■iiectedby  distance.  That  is  to  say,  at  double  the 
iBiwice  distance  it  is  only  one-fourth  part  as 
strong;  at  three  times  the  distance,  one-ninth,  and 
so  on. 

This  law  applies  with  its  full  force  only  when  no  opposing  currents 
of  air,  or  other  obstacles,  interfere  with  the  wave-movements,  or  undu- 
lations. Ky  confining  the  sound- undulations  in  tubes  which  prevent 
their  spreading,  the  foice  of  sound  diminishes  much  less  rapidly.  It 
will  therefore,  under  such  circumstances,  extend  10  much  greater  dis- 
tances. This  principle  is  taken  advantage  of  in  the  construction  of 
speaking-trumpets. 

Whatever  lends  to  ^itate  or  disturb  the  condition  of  the  atmos- 
phere affects   the   transmi^on  of  sounds.     A  strong  wind  blowing 
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towards  the  sonorous  body,  falling  rain,  or  snow,  interferes  with  the 
undulations  of  sound-waves,  and  obstructs  the  transmission  of  sound. 

The  fact  that  we  hear  sounds  with  greater  distinctness  by  night  than 
by  day  may  be  in  part  accounted  for  by  the  circumstance  that  the 
different  layers  or  strata  of  the  atmosphere  are  less  liable  to  variations 
in  density,  and  to  currents,  caused  by  changes  of  temperature,  at  night 
than  by  day.  The  air  at  night  is  also  more  still,  from  the  suspension 
of  business  and  hum  of  men.  Many  sounds  become  perceptible  dur- 
ing the  night,  which  during  the  day  are  completely  stifled,  before  they 
reach  the  ear,  by  the  din  and  discordant  noises  of  labor,  business,  and 
pleasure. 

361.  The  loudness  of  a   sound,   or   its  Onwhat 
degree  of  intensity,  depends  on  the  ampli-  loudness 
tude  of  the  vibrations  which  the  sounding  ^IpcndT** 
body  makes. 

If  the  amplitude,  which  in  the  case  of  a  tuning-fork  is  the  distance 
traveled  by  the  prong  while  performing  one  complete  vibration,  be 
small,  the  sound  is  feeble :  its  loudness  increases  with  the  excursions 
of  the  prongs. 

As  sound  is  transmitted  to  the  ear  through  the  medium  of  the  air, 
the  intensity  will  be  greater  as  the  volume  of  air  displaced  is  greater. 

On  the  top  of  high  mountains,  where  the  air  is  greatly  rarefied,  the 

sound  of  the  human  voice  can  be  heard  for  a  short  dis-    „,^ 

.         What  arc 

tance  only ;  and  on  the  top  of  Mont  Blanc  the  explosion   illustrations 
of  a  pistol  appears   no  louder  than   that   of    a  small    of  the  varia- 
cracker.    When  persons  descend  to  any  considerable   ?*®"  °'  *o"**** 
depth  in  a  diving-bell,  the  air  around  them  is  compressed 
by  the  weight  of  a  considerable  column  of  water  above  them.     In 
such  circumstances  a  whisper  is  almost  as  loud  as  a  shout  in  the 
open  air ;  and  when  one  speaks  with  ordinary  force  it  produces  an 
effect  so  loud  as  to  be  painful. 

It  has  been  discovered,  that,  when  strata  of  air  of  different  densi- 
ties are  between  the  source  of  sound  and  the  ear,  the  intensity  of  the 
sound  depends  upon  the  density  of  the  air  at  the  source  of  sound. 
Thus,  sounds  from  the  surface  of  the  earth,  where  the  air  is  compara- 
tively dense,  may  be  heard  distinctly  by  a  person  in  a  balloon ;  but 
sounds  uttered  by  a  person  in  the  balloon  are  inaudible  to  a  person  on 
the  earth,  because  the  air  around  the  balloon  is  rarefied. 
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What  law  362.  The  velocity  of  the  sound-undula- 

lli^Vo^     tions  is  uniform,  passing  over  equal  inter- 
sound?  vals  in  equal  times. 

The  softest  whisper,  therefore,  flies  as  fast  as  the  loudest  thunder. 

363.  Sound  travels,  when  the   temperature   is   at 
,...  ^    .        62°  Fahrenheit's  thermometer,  at  a  rate  of 

With  what 

velocity  does   i,i20  feet  per  second,  or  about   thirteen 

soundtravd?        .1  •       .  ^^         "i  1 

miles  per  minute,  or  765  miles  per  hour. 
The  velocity  of  sound  increases  or  diminishes  at  the 
rate  of  thirteen  inches  for  every  variation  of  a  degree 
in  temperature  above  or  below  the  temperature  of  62^ 
Fahrenheit. 

When  a  gun  is  fired  at  some  distance,  we  see  the  flash  a  consider- 
able time  before  we  hear  the  report,  for  the  reason  that 
^Vhv  do  wc 
see  Uie  flash     ^^S^^  travels  much  faster  than  sound.     Light  would  go 

of  a  gun  round  the  earth  four  hundred  and  eighty  times  while 

before  we         sound  was  traveling  thirteen  miles. 
report?  "^  knowledge  of  these  circumstances  is  taken  advan- 

tage of  for  the  measurement  of  distances. 

Thus,  suppose  a  flash  of  lightning  to  be  perceived,  and,  on  counting 
How  may  a  ^^^  seconds  that  elapse  before  the  thunder  is  heard,  we 
knowledge  of  And  them  to  amount  to  twenty ;  then,  as  sound  moves 
the  velocity  i  120  feet  in  a  second,  it  will  follow  that  the  thunder- 
apoHed  for*  cloud  must  be  distant  1,120  X  20  s=  22,400  feet, 
the  measure-  When  a  long  column  of  soldiers  are  marching  to  a 
mcnt  of  dis-  measure  beaten  on  the  drums  which  precede  them,  we 
may  observe  an  undulatory  motion  transmitted  from  the 
drummers  through  the  whole  column,  those  in  the  rear  stepping  a  little 
later  than  those  which  precede  them.  The  reason  of  this  is,  that  each 
rank  steps,  not  when  the  sound  is  actually  made,  but  when  in  its 
progress  down  the  column,  at  the  rate  of  1,120  feet  in  a  second  of 
time,  it  reaches  their  ears.  Those  who  are  near  the  music  hear  it  first, 
while  those  at  the  end  of  the  column  must  wait  until  it  has  traveled 
to  their  ears  at  the  above  rate. 

The  velocity  of  sound  depends  on  the  relation  between  the  elas- 
ticity and  density  of  the  medium  through  which  it   passes.    The 
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greater  the  elasticity,  the  swifter  is  the  propagation ;  the  denser  the 
medium,  the  slower  is  the  propagation. 

Sound  travels  in  water  nearly  four  times  as  rapidly  as  in  air,  by 
reason  of  the  greater  elasticity  of  water.  It  is  transmitted  by  solids 
about  twice  as  rapidly  as  by  water.  The  velocity  in  water  is  4,680 
feet  per  second ;  in  iron,  17,000  feet  per  second. 

364.  If  two  waves,  of  water,  advancing  from  opposite  directions, 
meet  in  such  a  way  that  their  points  of  elevation  coin-    „    . 
cide,  a  wave  of  double  the  height  of  the  single  one  will   phenomenon 
be  formed  at  the  point  of  interception ;  or,  if  two  wave-   of  interfer- 
depressions  on  the  surface  of  water  meet,  a  depression   *°*^*  o' 
of  double  depth  will  be  produced.    If,  however,  the 
two  waves  come  into  contact  in  such  a  manner  that  an  elevation  of 
one  wave  coincides  with  the  depression  of  another,  both  will  be 
destroyed.    Such  a  result  is  termed  an  interference  of  waves.    In  the 
same  manner,  when  two  sound-undulations,  propagated  from  different 
sounding  bodies,  intersect  each  other,  a  like  phenomenon  of  interfer- 
ence is  produced, — the  two  undulations  destroy  each  other,  and 
silence  is  produced. 

In  Fig.  1 56  the  two  series  of  sound-waves  intersect  so  as  to  inten- 


FlG.  156. 


Fig.  157. 


sify  the  sound.  In  Fig.  157  the  waves  meet  so  as  to  weaken  or  destroy 
the  sound.  This  can  only  take  place  when  the  two  forks  make  the 
same  number  of  vibrations  in  a  second. 

This  fact  may  be  very  prettily  illustrated  by  holding  a  common 
tuning-fork,  after  it  has  been  put  in  vibration,  over  the  mouth  of 
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a  cylindrical  glass  vessel,  as  A,  Fig.  158.    The  air  contained  within 
the  vessel  will  assume  sonorous  vibrations,  and  a  tone  will  be  pro- 
duced.    If  now  a  second  glass  cylinder  be 
held  in  the  position  B,  at  right  angles  to  A, 
^^^    the  musical  tone  previously  heard  will  cease ; 
but  if  either  cylinder  be  removed,  the  sound 
will  be  renewed  again  in  the  other.     In  this 
curious  experiment,  the  silence  arises  from 
the  interference  of  the  two  sounds. 
J,      J  g  Another  example  of  this  phenomenon  may 

be  produced  by  the  tuning-fork  alone.  If 
this  instrument,  after  being  put  into  vibration,  be  held  at  a  great 
distance  from  the  ear,  and  slowly  turned  round  its  axis,  a  position 
of  the  two  branches  will  be  found  at  which  the  sound  will  become 
inaudible.  This  position  will  correspond  to  the  points  of  interference 
of  the  two  systems  of  undulations  propagated  from  the  two  branches 
or  prongs  of  the  fork. 

365.  But,  where  the  forks  do  not  make  the  same  number  of  vibra- 
tions in  a  second,  the  two  series  of  sound-waves  meet  so 
rise  to  beats?    ^^  alternately  to  intensify  and  destroy  each  other,  and 
give  rise  to  "  beats." 
The  number  of  beats  in  a  second  is  equal  to  the  difference  in  the 
numbers  of  vibrations  made  by  the  sounding  bodies   in  that  time. 
Thus,  when  two  tuning-forks,  vibrating  255  and  256  times  respectively 
in  a  second,  are  sounded  together,  one  beat  a  second  will  be  heard. 


SECTION   I. 

REFLECTION  AND  REFRACTION  OF  SOUND. 

366.  When  waves  of  sound  strike  against  any  fixed 
What  is  surface  tolerably  smooth,  they  are  reflected, 
"flection  of  *  ^^  rebound,  from  that  surface ;  and  the 
sound?  angle  of  reflection  is  equal  to  the  angle  of 

incidence. 


ACOUSTICS.  209 

This  law  governing  the  reflection  of  sound  is  the  same  as  that 
which  governs  the  reflection  of  all  elastic  bodies,  and  also,  as  will  be 
shown  hereafter,  the  imponderable  agents  heat  and  light. 

367.  An  Echo  is  a  repetition  of  sound,  caused  by 
the  reflection  of  the  sound-waves,  or  undu-  ^vvhat  is 
lations,  from  a  surface  fitted  for  the  pur-  a°«c*»o' 
pose,  as  the  side  of   a   house,  a  wall,  hill,  &c. ;  the 
sound,  after  its  first  production,  returning  to  the  ear 
at  distinct  intervals  of  time. 

Thus,  if  a  body  placed  at  a  certain  distance  from  a  hearer  produces 
a  sound,  this  sound  would  be  heard  first  by  means  of  the  sonorous 
undulations  which  produced  it,  proceeding  directly  and  uninterruptedly 
from  the  sonorous  body  to  the  hearer,  and  afterward  by  sonorous 
undulations,  which,  after  striking  on  reflecting  surfaces,  return  to  the 
ear.    These  last  constitute  an  echo. 

In  order  to  produce  an  echo,  it  is  requisite  that  the  reflecting 
body  should  be  situated  at  such  a  distance  from  the  source  of  sound, 
that  the  interval  between  the  perception  of  the  original  and  re- 
flected sounds  may  be  sufficient  to  prevent  them  from  being  blended 
together. 

The  shortest  interval  sufficient  to  render  sounds  distinctly  apprecia- 
ble by  the  ear  is  about  one-ninth  of  a  second :  therefore,  when  sounds 
follow  at  shorter  intervals,  they  will  form  a  resonance  instead  of  an 
echo ;  so  that  no  reflecting  surface  will  produce  a  distinct  echo,  unless 
its  distance  from  the  spot  where  the  sound  proceeds  is  at  least  62^  feet ; 
as  the  sound  will,  in  its  progress  in  passing  to  and  from  the  reflecting 
surface  at  the  rate  of  1,120  feet  per  second,  occupy  one-ninth  part  of  a 
second,  passing  over  62^  X  2,  =  125  feet. 

368.  When  the  distance  between  the  source  of  sound  and  the  reflect- 
ing surface  is  less  than  62^  feet,  the  original  and  reflected  what  is 
sounds  are  blended  together,  and  the  effect  is  called  a  resonance  ? 
resonance,  and  not  an  echo.  If  the  distance  is  comparatively  small, 
the  sound  is  strengthened  and  prolonged  ;  but,  where  the  apartment  is 
larger,  the  direct  sound  only  partially  blends  with  the  reflected  sound, 
and  more  or  less  confusion  arises. 

If  two  tuning-forks,  tuned  to  precisely  the  same  note,  be  mounted 
on  sounding-boxes,  and  so  placed  that  the  mouths  of  the  boxes  face 
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How  may  371.  Sound  may  be  refracted. 

sound  be  When  the  propagation  of  light  or  heat  takes  place 

through  media  of  different  natures  or  densities,  the 
direction  of  their  waves  undergo  a  particular  deviation  known  as 
refraction.     Sound  exhibits  the  same  phenomenon. 


Fig.  161. 

If  a  watch  be  hung  at  w  (Fig.  161),  close  to  a  lens  formed  of  a 
collodion  balloon  filled  with  carbonic-acid  gas,  at  a  distance  of  four  or 
five  feet  beyond  the  balloon  the  ticking  of  the  watch  can  be  distinctly 
heard.  The  sound  will  be  enfeebled  if  the  balloon  be  removed,  thus 
showing  that  the  rays  of  sound  are  converged  towards  a  point  by  the 
lens. 

372.  A  right  understanding  of  the  principles  which  govern  the 
reflection  of  sound  is  often  of  the  utmost  importance  in  the  construc- 
tion of  buildings  intended  for  public  speaking,  as  halls,  churches,  &c. 

Experience  shows  that  the  human  voice  is  capable  of  filling  a 
larger  space  than  was  ever  probably  inclosed  within  the  walls  of  a 
single  room. 

The  circumstances  which  seem  necessary  in  order  that  the  human 
voice  should  be  heard  to  the  greatest  possible  distance, 
and  with  the  greatest  distinctness,  seem  to  be,  a  per- 
fectly tranquil  and  uniformly  dense  atmosphere,  the 
absence  of  all  extraneous  sounds,  the  absence  of  echoes 
and  reverberations,  and  the  proper  arrangement  of  the 
reflecting  surfaces. 
A  pure  atmosphere  in  a  room  for  speaking,  being  favorable  to  the 
speaker's  health  and  strength,  will  give  him  greater 
power  of  voice  and  more  endurance,  thus  indirectly 
improving  the  hearing  by  strengthening  the  source  of 
sound,  and  also  by  enabling  the  hearer  to  give  his  atten- 
tion for  a  longer  period  undisturbed. 


What  cir- 
cumstances 
are  necessary 
to  insure  the 
utmost  dis- 
tinctness in 
hearing  ? 


How  does  a 
pure  atmos- 
phere in  a 
room  favor 
hearing  ? 
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In  constructing  a  room  for  public  speaking,  the  ceil-  How  should 
ing  ought  not  to  exceed  thirty  to  thirty-five  feet  in  ^^Zy^^°^  ^ 
height.  ing  be  con- 

The  reason  of    this    may  be  explained    as   follows :    structed  ? 
If  we  advance  toward  a  wall  on  a  calm  day,  producing  at  each  step 
some  sound,  we  will  find  a  point  at  which  the  echo  ceases    what  is 
to  be   distinguishable   from  the   original   sound.     The    the  reason 
distance  from  the  wall,  or  the  corresponding  interval  of    °^  *****  ^ 
time,  has  been  called  the  limit  of  perceptibility.     This  limit  is  about 
thirty  to  thirty-five  feet    and,  if  the  ceiling  of  a  building  for  speaking 
be  arranged  at  this  limit,  the.  sound  of  the  voice  and  the  echo  will 
blend  together,  and  thus  strengthen  the  voice  of  the  speaker. 

If  the  ceiling  be  constructed  higher  than  this  limit  of  perceptibility, 
or  higher  than  thirty  or  thirty-five  feet,  the  direct  sound  and  the  echo 
will  be  heard  separately,  and  will  produce  indistinctness. 

Echoes  from  walls   and  ceilings   may,  to   a  certain    How  may 

extent,  be  avoided  by  covering  their  surfaces  with  thick   *^**°f ■  *" 

apartments 
drapery,  which  absorbs  sound,  and  does  not  reflect  it.         to  some 

If  the  room  is  not  very  large,  a  curtain  behind  the    extent  be 

speaker  impedes  rather  than  assists  his  voice.  avoided  ? 

373.  In  every  apartment,  owing  to  the  peculiar  arrangement  of  the 

reflecting  surfaces,  some  notes  or  tones  can  be  heard    „,^     . 

.  ,        ^        ,.    .  ,  ,  .        ,  ,       What  is 

with  greater  distmctness  than  others ;  or,  m  other  words,    nieant  by 

every  apartment  is  fitted  to  reproduce  a  certain  note,    the  key- 
called  the  key-note,  better  than  any  other.     If  a  speaker,    »<>*«  ©f  «" 
therefore,  will  adapt  the  tones  of  his  voice  to  coincide 
with  this  key-note,  which  may  readily  be  determined  by  a  little  practice, 
he  will  be  enabled  to  speak  with  greater  ease  and  distinctness  than 
under  any  other  circumstances. 

In  a  large  room  nearly  square,  the  best  place  to  speak  from  is  near 
one  corner,  with  the  voice  directed  diagonally  to  the  opposite  corner. 
In  most  cases,  the  lowest  pitch  of  voice  that  will  reach  across  the 
room  will  be  the  most  audible.  In  all  rooms  of  ordinary  form  it  is 
better  to  speak  along  the  length  of  a  room  than  across  it.  It  is  better, 
generally,  to  speak  from  pretty  near  a  wall  or  pillar,  than  far  away 
from  it. 


214  NATURAL   PHILOSOPHY. 


SECTION   11. 

MUSICAL  SOUNDS. 

374.  All  vibrations  of  sonorous  bodies  which  are 
What  are  Uniform,  regular,  and  sufficiently  rapid, 
."ound??         produce  agreeable  or  musical  sounds. 

The  diiference  between  a  noise  and  a  musical  sound  consists  in  the 
regularity  or  irregularity  of  the  vibrations  of  the  sonorous  body.  A 
noise  is,  of  course,  due  to  vibrations,  but  these  vibrations  do  not 
follow  each  other  at  regular  intervals ;  whereas  in  every  musical  sound 
the  vibrations  follow  each  other  at  perfectly  regular  rates,  and  conse- 
quently the  undulations  of  the  air  must  be  all  exactly  similar  in  dura- 
tion and  intensity,  and  must  recur  after  exactly  equal  intervals  of 
time. 

375.  If  the  sound-impulses  be  repeated  at  very 
What  is  short  intervals,  the  ear  is  unable  to  attend 
tone'or^ch  ^^  them  individually,  but  hears  them  as  a 
in  sound?  continued  sound,  which  is  uniform,  or  has 
what  is  called  a  tone  or  pitch,  if  the  impulses  be 
similar  and  at  equal  intervals. 

376.  When  the  impulses,  or  vibrations,  are  few  in  number  in  a 
When  is  a  given  time,  the  tone  is  said  to  be  grave ;  when  they  are 
tone  grave  many,  the  tone  is  said  to  be  sharp.  Musical  sounds  are 
or  sharp  ?  spoken  of  as  notes,  or  as  high  and  low.  Of  two  notes, 
the  higher  is  that  which  arises  from  more  rapid,  and  the  lower  from 
slower,  vibrations. 

377.  This  may  be  shown  by  means  of  Savart's  wheel,  Fig.  162,  so 

-..,1-  ^  .  .,-       called  from  the  inventor. 

What  IS  the  _  .  .  ,,,,t^,.,. 

construction  ^^  consists  of  a  toothed  wheel,  B,  which  is  caused  to 

and  use  of        revolve  as  regularly  as  possible  by  means  of  the  wheel 

Savart's  ^  ^j^^i  ^j^^  endless  band  D.     The  teeth  of  the  wheel  B 

wheel? 

cause  a  little  strip  or  tongue  of  card  or  metal,  E,  to 

vibrate;  and  this,  communicating  its  vibrations  to  the  air,  produces 
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sound.  When  B  is  caused  to  revolve  slowly  we  can  distinguish  each 
individual  up  of  the  tongue  against  the  teelh.  On  increasing  the  rate 
of  revolution  a  continuous  sound  is  heard,  which  gradually  rises  in 
pitch  as  the  velocity  of  the  wheel  increases,  till  the  sound  becomes  a 
shriek.  The  number  of  vibrations  in  a  second  is  found  by  taking  the 
number  of  revolutions  made  by  the  wheel  in  that  time,  as  shown  by 
the  dial-plate  H,  and  multiplying  this  number  by  the  number  of  teeth 
on  the  circuinference  of  the  wheel. 


378.  Another  instrument  for  counting  the  number  of  vibrations 
in  a  given  note  is  shown  in  Fig.  163.     It  is  called  a    whutia 

In  (his  machine  a  series  of  puffs  is  produced  by  the  alternate  inter- 
ception and  renewal  of  a  current  of  air.  This  action  is  performed  by 
the  constantly  changing  position  of  a  perforated  brass  plate,  A,  revolv- 
ing, by  force  of  a  current  of  air,  over  a  plate,  B,  perforated  in  like 
manner.  Fig.  163  shows  the  outward  appearance  of  the  machine  i 
Fig.  164,  the  arrangement  of  the  plates,  and  the  manner  of  perforating 
them ;  and  Fig.  165,  the  manner  of  counting  the  number  of  vibrations. 
When  the  plate  A  moves  with  an  uniform  velocity,  a  series  of  puffs 
will  escape  at  equal  intervals  of  lime.  These  puffs,  when  succeeding 
one  another  at  a  sufficiently  rapid  rate,  will  communicate  vibrations  to 
the  surrounding  air,  and  produce  sound,  which  increases  in  pitch  as 
the  velocity  of  the  plate  A  is  greater.  The  number  of  revolutions 
made  by  the  plate  A  is  shown  by  the  two  dials,  Fig.  163. 
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379.  To  produce  any  sound  whatever,  it  is  necessary'  that  a  certain 
Im  there  aoy  number  of  vibrations  should  be  made  in  a  certain  time, 
limit  to  the  If  the  number  produced  in  a  second  falls  ijelow  a  certain 
rate,  no  sound-sensation  will  be  made  upon  the  ear.  It 
is  believed  that  the  ear  can  distinguish  a  sound  caused 
to  produce  by  fifteen  vibrations  in  a  second,  and  can  also  continue 
■oundr  ,Q  hear  though  the  number  reaches  forty-^ight  thousand 

per  second.  Trained  and  sensitive  ears  are  said  to  be  able  to  exceed 
these  limits. 

The  longest  sound-waves  capable  of  producing  the  sensation  of 
sound  have  a  length  oE  66  feet ;  the  shortest,  3.2  inches. 


imbarof 
vlbntioni 


380.  Beside  this,  sounds  differ  in  their  quality. 
wheti.the  '^^^  same  musical  note,  produced  with 
quality  of  the  Same  degree  of  loudness,  and  by  the 
to  what  ii  same  number  of  vibrations,  in  the  flute, 
the  clarionet,  the  piano,  and  the  human 
voice,  is  in  each  instance  peculiar  and  wholly  dif- 
ferent. The  French  call  this  property,  by  which 
one  sound  is  distinguished  from  another,  the  timbre. 


ACOUSTICS.  217 

Sounding  bodies,  when  caused  to  vibrate,  always  break  up  into 
segments  so  as  to  start  vibrations  of  different  periods  at  the  same 
time.  This  is  due  to  the  fact  that  the  molecules  of  the  body  are  not 
equally  moved  from  their  position  of  rest ;  and  in  certain  parts  of  the 
body,  called  nodes,  the  molecules  may  remain  entirely  at  rest.  The 
note  given  out  by  a  body  vibrating  as  a  whole  is  called  the  funda- 
mental note,  and  those  produced  by  the  vibrating  portions  (ventral 
segments)  of  the  body  are  the  harmonics  of  that  tone.  The  quality 
of  a  sound  is  due  to  the  blending  of  the  harmonics  with  the  funda- 
mental note.  Each  note  has  its  own  set  of  harmonics.  The  human 
voice  is  rich  in  harmonics  (or  overtones),  as  many  as  sixteen  having 
been  detected  in  a  bass  voice. 

381.  Two  musical  notes  are  said  to  be  when  are 
in  unison  when  the  vibrations  which  cause  *^°  musical 

notes  in 

them  are  performed  in  equal  times.  unison? 

382.  When  one  note  makes  twice  the  number  of 
vibrations   in  a  given   time   that  another  what  is  an 
makes,  it  is  said  to  be   its   octave.     The  octav«? 
relation,  or  interval,  which  exists  between  two  sounds 
is  the  proportion  between  their  respective  numbers 
of  vibrations. 

383.  A    combination    of    harmonious    sounds   is 
termed  a  musical  chord ;  a  succession  of  ^,,^4  j^  ^ 
harmonious  notes,  a  melody;   and  a  sue-  c^ord, &c.? 
cession  of  chords,  harmony. 

A  melody  can  be  performed  or  executed  by  a  single  voice ;  a  har- 
mony requires  two  or  more  voices  at  the  same  time. 

384.  When  two  tones,  or  notes,  sounded  together 
produce  an  agreeable  effect  on   the   ear,  ^  ^ 

^  °  '    Define  con- 

their  combination  is  called  a  musical  con-  cord  and 
cord  :  when  the  effect  is  disagreeable,  it  is     '^°'  * 
called  a  discord. 

385.  Between  the  key-note  and  its  octave  there  is  a  natural  grada- 
tion by  intervals  in  the  pitch  of  the  tone,  which  heard  in  succession 


2l8  NATURAL   PHILOSOPHY. 

are  harmonious;  the  octave,  as  its  name  implies,  being  the  eighth 

pitch  of  tone,  or  eighth  successive  note,  ascending  from 
Explain  what    .,     ,  . 

is  meant  by      ^^^  key-note. 

the  gamut,  These  eight  notes,  or  intervals  in  the  pitch  of  tone 

or  scale  of        between  the  key-note  and  its  octave,  constitute  what  is 

"""^'  called  the  gamut,  or  diatonic  scale  of  music,  because 

they  are  the  steps  by  which  the  tone  naturally  ascends  from  any  note 

to  the  corresponding  tone  above,  produced  by  vibrations  twice  as 

rapid.    These  several  notes  are  distinguished  both  by  letters  and 

names.    They  are  :  — 

C,  D,  E,  F,  G,  A,  B,  C. 

Or  —  do,  re,  mi,  fa,  sol,  la,  si,  do. 

They  may  also  be  distinguished  by  numbers  indicating  the  length 

of  the  strings  and  the   number  of  vibrations  required 

the  notes  of      ^o  produce  them.    Thus,  the  length  of  the  string  produ- 

the  scale  cing  the  primary  or  key-note  being  twenty-four  inches, 

indicated?        ^j^^  lengths  of  the  strings  to  produce  the  tones  in  the 

entire  scale  are  :  — 

24»  27,  30,  32,  36,  40,  45,  48. 

Or,  supposing  that,  whatever  be  the  number  of  vibrations  per  second 
necessary  to  produce  the  first  note  in  the  scale  C,  we  agree  to  repre^ 
sent  it  by  unity,  or  i  ;  then  the  numbers  necessary  to  produce  the 
other  seven  notes  of  the  octave  will  be  as  follows :  — 

Name  of  note C,  D,  E,  F,  G,  A,  B,  C. 

Number  of  vibrations .     .     .     .     i,  |,  |.,  |,  |,  i»  V>  ^' 

However  far  this  musical  scale  may  be  extended,  it  will  still  be 
found  but  a  repetition  of  similar  octaves.  The  vibrations  of  a  column 
of  air  in  a  pipe  may  be  regarded  as  obeying  the  same  general  laws. 
Notes  are  naturally  higher  in  proportion  to  the  shortness  of  the  pipes. 

386.  For  studying  the  vibrations  of  cords,  an  instrument  called  the 
E  lai  th  sonometer  (Fig.  166)  is  employed.  It  consists  of  a 
construction  case  of  thin  wood,  above  which  are  stretched  wires  by 
of  the  means  of  weights.  A  movable  bridge  can  be  placed  at 
sonome  cr.  ^^^  desired  point  of  a  scale  beneath  the  strings.  By 
means  of  the  sonometer  the  following  laws  may  be  determined :  — 

387.  (i)  The  rate  of  vibration  is  inversely  proportional  to  the  length 
"What  la  °^  *^^  wire.    Thus,  if  a  string  makes  a  certain  number 
are  proved        of  vibrations  in  a  second,  a  string  one-half  as  long  will 
by  the  make  double  the  number  of  vibrations;  a  string  one- 
third  as  long,  three  times  as  many,  &c. 


(j)  It  is  directly  proportional  to  the  square  root  of  the  ttretcUng- 
weight  If  a  string  produces  a  given  number  of  vibrations  when 
stretched  by  a  weight  of  one  pound,  it  wiU  require  a  stretching-weight 


of  four  pounds  to  malie  double  the  number  of  vibrations,  nine  pounds 
to  make  three  times  as  many,  &c. 

(3)  It  is  directly  proportional  to  the  square  root  of  the  neight  of 
the  string.  The  bass-strings  of  1  piano  are  covered  with  wire,  to  in- 
crease their  weight,  and  thus  secure  a  lower  tone-  The  operation  of 
these  laws  is  seen  in  a  violin.  The  pitch  of  any  string  is  raised  or 
lowered  by  a  screw  which  on   turning  increases  or  diminishes  the 


stretching-weight;  01,  the  pitch  is  altered  by  applying  the  Rnger  in 
such  a  manner  as  to  lengthen  or  shorten  the  vibrating  part ;  or,  finally, 
the  pitch  is  altered  by  using  larger  or  smaller  strings. 
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How  may 
nodes  and 
ventral 
segments 
be  shown  ? 


How  is 
sound 
produced 
in  wind- 
instruments  ? 


388.  The  presence  of  nodes  and  ventral  segments  may  also  be 
shown  by  means  of  the  sonometer.  If  a  string  A  D 
(Fig.  167)  be  set  into  vibrations,  and  a  bridge  be  placed 
at  the  point  6,  so  as  to  bring  6  to  a  state  of  rest,  the 
remaining  portion  of  the  string  will  divide  itself  into 
two  portions.     This  is  due.  to  the  fact  that  all  parts  of 

the  string  tend  to  make  a  vibration  in  the  same  time.  In  like  man- 
ner, if  we  place  the  bridge  at  B,  a  point  one-fourth  the  length  of  the 
string,  the  string  will  divide  itself  into  four  vibrating  parts.  The 
points  B  C  and  C  are  called  nodes.  That  they  are  in  a  state  of  rest 
may  be  shown  by  placing  some  small  paper  riders  over  the  string. 
On  vibrating  the  string,  the  riders  on  the  ventral  segments  will  be 
thrown  off,  while  those  on  the  nodes  will  remain  undisturbed.  On 
vibrating  plates  (§  354),  the  sand  collects  on  the  lines  at  rest,  or  on 
the  nodal  lines. 

389.  In  wind-instruments  the  sound  is  pro- 
duced by  a  vibrating 
column  of  air  within 
the  tube.  The  vibra- 
tions are  produced  in 
a  mouth  -  instrument, 

Fig.  168,  by  a  rapid  current  of  air 

passing    through    /,    and    striking 
i    against  the   upper  lip  d.     In  this 
^o  way  shocks  are  produced,  and,  be- 
ing transmitted  to  the  air  in  the 

tube,  make  it  vibrate,  and  sound  is 

the    result.     In   a    reed-instrument 

(Fig.    169),   the   air    is  caused  to 

vibrate  by  an  elastic  tongue,  /, 
which  is  itself  set  into  vibration  by  a  current 
of  air  coming  from  Q.  The  reed-tube,  H,  is 
generally  added  to  improve  the  quality  and  in- 
crease the  volume  of  the  sound  produced  by 
the  reed,  which  itself  would  sound  very  poor 
and  faint. 

The  existence  of  nodes  and  loops  (ventral 
segments)  within  an  organ-pipe  may  be  shown 
by  lowering  into  the  pipe  a  thin  membrane  stretched  over  a  frame,  and 
having  some  sand  sprinkled  on  its  surface.  While  in  a  loop,  the  sand 
will  be  agitated ;  but  on  entering  a  node  it  will  remain  at  rest. 


Fig.  169. 
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39a  If  a  glass  tube,  open  at  both  ends,  be  held  over  a  jet  of  burning 
hydrogen  {see  Fig.  170),  a  rapid  current  oi  air  is  produced  through  tKe 
tube,  which  occasions  a  flickering  of  tlie  flame,  attended  by  a  series  of 
small  explosions,  that  succeed  each 
other  so  rapidly,  and  at  such  regular   lound  be 
btervals,  as  to  give  rise  to  a  musical    produced  by 
noie,  or  continuous  sound,  the  pilch   *  "■™e 
and  quality  of  which  varies  with  Ihe  length,  thick- 
ness, and  diameter  of  the  tube.    By  sounding  the 
same  note  with  the  voice,  a  (uning-fork,  or  musical 
instrument,  the  singing  of  the  flame  may  be  inter- 
rupted, or  caused  to  cease  entirely ;  or,  when  silent. 


391.  The  phonograph  is  an  instru- 
ment designed  to  register  Do,cribethe 
sound-vibrations,  and  to  re-  phonoer'ph- 
produce  them  when  desired. 


Fig.  171  shows  the 


of  the 


cylinder,  A,  in  the  surface 
\      of  which   is   cut   a  spiral 
J    groove,  like  the  thread  of 
^    a  screw.    A  like  screw  is 
■     cut  in  the  shaft  which  car- 
ries   the    cylinder.     Over 
this    cylinder    is    lixed   a 
„  sheet    of    tinfoil        The 

mouthpiece   B   (shown   in 
detail  in  Fig.  172]  consists  of  a  thin  plale  of  metal,  D, 
called  a  diaphragm,  which  is  capable  of  receiving  from. 
and  transmitting  to,  the   air,  aound-vibrations.     On  its 
back  is  fastened  a  needle-point,  which  presses  lightly    . 
against  the  tinfoil.    On  turning  the  cylinder,  and  speak-    ' 
ing  into  the  mouth-piece,  the  diaphragm  vibrates,  and 
communicates  its  motion   to    the   needle-point,   which 
pricks  the  tinfoil,  leaving  marks  which  will  be  of  dif' 
ferent  lengths,  varying  with  the  amplitude  of  the  vibra-  ' 

tions  of  the  air,  or  with  the  tones  and  modulations  of  the  speaker's 
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To  reproduce  the  sounds,  the  cylinder  is  placed  a; 
ginning,  and,  o 


form  the   s 


i  U  the  be- 
in  turning  it. 

:  vibrations 
The  marks  on 
the  tinfoil  set  the  needle- 
point vibrating,  the  needle 
the    diaphragm,    and    the 
diaphragm  the  air,  which 
nveys  the  vibrations  to 
the  ear,   where  sound    is 
produced.    Fig.  173  represents  the  tinfoil  with  the  marks  made  by  the 
needle-point 


SECTION    III. 


ORGANS  OF 


AMD  OF  THE  VOICE. 


392.  Theearconsists,in  the  first  instance,  of  a  funnel-shaped  mouth, 
DeKribelhe  P'^'^^'l  upon  the  external  surface  of  the  head.  In  many 
GODBtrucilan  animals  this  is  movable,  so  that  they  can  direct  it  to  the 
of  thehuinao  place  from  whence  the  sound  comes.  It  is  represented 
■"■  at "'  F'g-  174- 

l^oceeding  inward  from  this  external  portion  of  the  ear  is  a  lube, 
something  more  than  an  inch  long,  tei 
minating  in  an  oval-shaped  opening,  1 
across  wbicb  is  stretched  an  elastic  men 
brane,  like  the  parchment  on  the  head  of  y 
-adrum.  This  oval-shaped  opening  has  re 
ceivedthename  of  the  tympanum,  or  drum 
of  the  ear  t  and  the  membrane  stretched 
across  it  is  called  the  "  membrane  of  the 
tympanum,  or  drum  of  the  ear." 

The  soand  concentrated  at  the  bottom  of  the  ear-tube  falls  upon 
the  membrane  of  the  drum,  and  causes  it  to  vibrate.  That  its  motion 
may  be  free,  the  air  contained  within  and  behind  the  drum  has  free 
communication  with  the  external  air  by  an  open  passage,  /,  called  the 
eustac&ian  tube,  leading  to  the  back  of  the  mouth.     A  degree  of  deaf- 


ness  ensues  irnen  this  tuoe  -s  obstructed,  as  in  a  cold;  and  a  crack  or 
sudden  noise,  with  immediate  relurn  of  natural  hearing,  is  generally 
experienced  when,  in  the  effort  of  sneezing  or  otherwise,  the  obstruc- 

The  vibrations  of  the  membrane  of  the  drum  are  conveyed  farther 
inward,  through  the  cavity  of  the  drum,  by  a  chain  of  four  bones  (not 
represented  in  the  figure  on  account  of  their  r 
from  the  center  of  the  membrane  to  the  comme 
compartment  which  contains  the  nerves  of  heai 

labyrinth.     (Fig.  174,  e,  e,  d.) 

The  labyrinth  is  the  true  ear,  all  the  other  portions  being  merely 
accessories  by  which  the  sonorous 
undulations  ate  propagated  to  the 
nerves  of  hearing  contained  in  the  . 
labyrinth,  which  is  excavated  in 
the  hardest  mass  of  bone  found  in 
the  whole  body.  Fig.  175  repre- 
sents the  labyrinth  on  an  enlarged 
scale,  and  partially  open. 

The  labyrinth  is  filled  with  a  ^.^^ 

liquid  substance,  through  which  the 

nerves  of  bearing  are  distributed.  When  the  membrane  of  the  drum 
of  the  ear  is  made  to  vibrate  by  the  undulations  of  sound  striking 
against  it,  the  vibrations  are  communicated  to  the  little  chain  of  bones, 
which  in  turn,  striking  against  a  membrane  which  covers  the  external 
opening  of  the  labyrinth,  compresses  the  liquid  contained  in  it.  This 
action,  by  the  law  of  Huid-pressure,  is  communicated  to  the  whole 
interior  of  the  labyrinth,  and  consequently  to  all  portions  of  the  audi- 
tory nerve  distributed  throughout  it :  the  nerve  thus  acted  upon  con- 
veys an  unpression  to  the  brain. 

The  several  parts  of  the  labyrinth  consist  of  what  is  called  the 
vestibule,  e;  three  semicircular  canals,  c,  imbedded  in  the  hard  bone ; 
and  a  winding  cavitj',  called  the  cochlea,  d,  like  thai  of  a  snail-shell, 
in  which  fibers,  stretched  across  like  harp-strings,  constitute  the  lyra. 
This  lyra  consists  of  about  three  thousand  fibers.  If  a  piano  be 
opened,  and  a  vowel-sound  be  spoken  in  a  clear,  loud  voice  over  the 
strings,  certain  strings,  which  are  capable  of  producing  the  sounds  of 
which  the  vowel-sound  is  composed,  will  respond.  In  like  manner  it 
is  supposed  these  fibers  are  acted  upon  by  sound-waves ;  each  sound 
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setting  in  vibration  some  particular  fiber,  which  in  turn  communicates 
sensation  to  the  brain. 

The  separate  uses  of  the  various  parts  of  the  ear  are  not  yet  full^' 
known.    The  membrane  of  the  tympanum  may  be  pierced,  and  the 
chain  of  bones  may  be  broken,  without  entire  loss  of  hearing. 
What  are  393*  ^^  *^^  hearing  apparatus  of  the  lower  orders  of 

peculiarities  animals,  all  the  parts  belonging  to  the  human  ear  do  not 
of  the  hear-  exist.  In  fishes  the  ear  consists  only  of  the  labyrinth ; 
tus  in  the  ^^^  ^"  lower  animals  the  ear  is  simply  a  little  membra- 

lower  nous  cavity  filled  with  fluid  in  which  the  fibers  of  the 

animals  ?  nerves  of  the  hearing  float. 

394.  All  persons   can   not   hear  sound 

Can  all  per-  ^^^  ^ 

sons  hear       alike.     In  different  individuals  the  sensi- 

sound  alike?     t'l*^         r  ^i_  t^  •  ^i 

bility  of  the  auditory  nerves  varies  greatly. 

395.  The  whole  range  of  human  hearing,  from  the 
What  is  the  lowest  notc  of  the  organ  to  the  highest 
hmnan°^  known  cry  of  insects,  as  of  the  cricket, 
hearing  ?        includcs  about  nine  octaves. 

396.  In  the  human  system  the  parts  concerned  in 

the  production  of  speech  and  music  are 
the  organs      thrcc, — the  windpipe,  the  larynx,  and  the 

of  voice  ?  1    ^  ^ . 

glottis. 

397.  The  windpipe  is  a  tube  extending  from  one 
What  is  the  extremity  of  the  throat  to  the  other,  which 
windpipe?  terminates  in  the  lungs,  through  which  the 
air  passes  to  and  from  these  organs  of  respiration. 

398.  The  larynx,  which  is  essentially  the  organ 
What  is  the  oi  spccch,  is  an  enlargement  of  the  upper 
larynx?  p^^.^  q£  ^^^  windpipe.  The  larynx  termi- 
nates in  two  lateral  membranes  which  approach  near 
to  each  other,  having  a  little  narrow  opening  between 
them  called  the  glottis.  The  edges  of  these  mem- 
branes form  what  are  called  the  vocal  chords. 
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399.  In   order  to   produce  voice,  the  air  expired 
from  the  lungs  passes  through  the  wind- 

pipe  and  out  at  the  larynx,  through  the  voice  pro- 
opening  between  the  membranes,  the  glot- 
tis :  the  vibration  of  the  edges  of  these  membranes, 
caused  by  the  passage  of  air,  produces  sound.     The 
organs  of  the  voice  produce  sound  on  the  same  prin- 
ciples as  a  reed-instrument. 

By  the  action  of  muscles  we  can  vary  the  tension  of    How  can  the 

these  membranes,  and  make  the  opening  between  them    *°°*"  f '  **** 

r         o  voice  be  ren- 

large  or  small,  and  thus  render  the  tones  of  the  voice    dered  ^ave 

grave  or  acute.  or  acute  ? 

400.  The   loudness  of   the  voice  depends   mainly 
upon  the  force  with  which  the  air  is  ex-  upon  what 
pelled  from  the  lungs.  <*<>"  **»« 

loudness  of 
The  force  which  a  healthy  chest  can  exert  in  blowing    **^®  voice 
is  about  one  pound  per  inch  of  its  surface ;  that  is  to 
say,  the  chest  can  condense  its  contained  air  with  that  force,  and  can 
blow  through  a  tube,  the  mouth  of  which  is  ten  feet  under  the  surface 
of  water. 

Coughing,  sneezing,  laughhig,  and  crying  are  due  to  the  sudden 
expulsion  of  air  from  the  lungs. 

401.  Sound,  to  some  extent,  appears  to  always  accompany  the  liber- 
ation of  compressed  air.     An  example  of  this  is  seen  in 

the  report  which  a  pop-gun  makes  when  a  paper  bullet    generally 
is  discharged  from  it.     The  air  confined  between  the    accompany 
paper  bullet  and  the  discharging-rod  is  suddenly  liber-    *he  liberation 
ated,  and  strikes  against  the  surrounding  air,  thus  caus-   prggged  ^ir  ? 
ing  a  report  in  the  same  manner  as  when  two  solids 
come  into  collision.    In  like  manner  an  inflated  bladder,  when  burst 
open  with  force,  produces  a  sound  like  the  report  of  a  pistol. 

402.  The  sound  of  falling  water  appears  in  a  great  measure  to  be 
owing  to  the  formation  and  bursting  of  bubbles.     When    ^   vvhat  is 
the  distance  which  water  falls  is  so  limited  that  the  end   the  sound  of 
of  the  stream  does  not  become  broken  into  bubbles  and   fallin^^  water 
drops,  neither  sound  nor  air-bubbles  will  be  produced ;     *** 
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but,  as  soon  as  the  distance  becomes  increased  to  a  sufficient  extent  to 
break  the  end  of  the  column  into  drops,  both  air-bubbles  and  sounds 
will  be  produced. 

Insects  generally  excite  sonorous  vibrations  by  the  fluttering  of 
their  wings,  or  other  membranous  parts  of  their  structure. 

Practical  Questions  in  Acoustics. 

z.  The  flash  of  a  cannon  was  seen,  and  ten  seconds  afterward  the  report  was 
heard :  how  far  off  was  the  cannon  ? 

s.  At  what  distance  was  a  fiash  of  lightning  when  the  flash  was  seen  seven  seconds 
before  the  thunder  was  heard  ? 

3.  How  long  after  a  sudden  shout  will  an  echo  be  returned  from  a  high  wall,  1,120 
feet  distant  ? 

4.  A  stone,  being  dropped  into  the  mouth  of  a  mine,  was  heard  to  strike  the  bottom 
in  two  seconds  :  how  deep  was  the  mine  ? 

5.  A  certain  musical  string  vibrates  one  hundred  times  in  a  second  :  how  many 
times  must  it  vibrate  in  a  second  to  produce  the  octave  ? 

6.  To  produce  a  given  note,  a  string  makes  sixty-four  vibrations  in  a  second  :  what 
is  the  length  of  the  sound-wave  in  feet  ? 

7.  The  circumference  of  a  wheel  has  seventy-five  teeth  which  strike  against  an 
elastic  strip.  Find  the  number  of  vibrations  per  second  of  the  sound  produced  when 
the  wheel  rotates  four  times  per  second. 


CHAPTER   XI. 

HEAT. 

403.  Heai  is  a  physical  agent,  known  only  by  its 
effects  upon  matter.     In  ordinary  language  what  is 
we  use  the  term  "heat"  to  express  the  *****' 
sensation  of  warmth. 

404.  The  quantity  of  heat  observed  in   different 
substances  is  measured,  and  its  effects  on  how  is  heat 
matter  estimated,  only  by  the  change  in  "»«""«<>? 
bulk,  or  appearance,  which  different  bodies  assume, 
according  as  heat  is  added  or  subtracted. 

405.  The   degree   of    heat    by   which   a   body   is 
affected,  or  the  sensible  heat  a  body  con-  what  is 
tains,  is  called  its  Temperature.  temper«tu»? 

406.  Cold  is  a  relative  term,  expressing  only  the 
absence  of  heat  in  a  degree;  not  its  total  what  it 
absence,   for  heat    exists   always    in    all  *^*****' 
bodies,  and,  so  far  as  we  know,  without  limits. 

Ice  contains  heat  in  large  quantities.  Sir  Humphry  Davy,  by 
friction,  extracted  heat  from  two  pieces  of  ice,  and  quickly  melted 
them,  in  a  room  cooled  below  the  freezing-point,  by  rubbing  them 
against  each  other. 

407.  The  tendency  of  heat  is  to  diffuse  in  what 

t     » .      mt  11  'ii  manner  does 

or   spread   itself   among  all   neighbonng  heat  diffuse 
substances    until    all    have   acquired   the  ^wf/**** 

same  or  a  uniform  temperature. 

227 
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A  piece  of  iron  thrust  into  burning  coals  becomes  hot  among  them, 
because  heat  passes  from  the  coals  into  the  iron,  until  the  metal  has 
acquired  an  equal  temperature. 

408.  When   the   hand   touches   a   body  having   a 

higher  temperature  than  itself,  we  call  it 
we  call  a  hot,  bccause,  on  account  of  the  law  that 
°  ^  **  heat  diffuses  itself  among  neighboring 
bodies  until  all  have  acquired  the  same  temperature, 
heat  passes  from  the  body  of  higher  temperature  to 
the  hand,  and  causes  a  peculiar  sensation  which  we 
call  warmth. 

409.  When  we  touch  a  body  having  a  temperature 
„.^     .         lower  than  the  hand,  heat,  in  accordance 

When  do  , 

we  call  a        with  the  samc  law,  passes  out  from  the 
*  ^ "  hand  to  the  body  touched,  and  occasions 

the  sensation  which  we  call  cold. 

There  cannot  be  a  more  fallacious  method  of  estimating  heat  than 

by  the  touch,  which  does  not  inform  us  directly  of  temperature,  but  of 

the  rate  at  which  our  finger  gains  or  loses  heat, 

circum-  ^  body  may  feel  hot  and  cold  to  the  same  person  at 

stances  may     the  same  time.     Thus,  if  a  person  transfer  one  hand  to 

a  body  feel       common  spring-water  immediately  after  touching  ice, 
hot  and  cold  ,       ,       ^    ,  u  ir    1  i.-T    *v 

to  the  same      to  that  hand  the  water  would  feel  very  warm ;  while  the 

person  at  the   other  hand,  transferred  from  warm  water  to  spring-water, 
same  time  ?      ^^^j^j  ^^^j  ^  sensation  of  cold. 

Has  heat  4^0.  Heat  is  imponderable,  or  does  not 

weiirht?         possess  any  perceptible  weight. 

If  we  balance  a  quantity  of  ice  in  a  delicate  scale,  and  then  leave  it 
to  melt,  the  equilibrium  will  not  be  in  the  slightest  degree  disturbed. 
If  we  substitute  for  the  ice  boiling  water  or  red-hot  iron,  and  leave 
this  to  cool,  there  will  be  no  difference  in  the  result.  Count  Rumford, 
having  suspended  a  bottle  containing  water,  and  another  containing 
alcohol,  to  the  arms  of  a  balance,  and  adjusted  them  so  as  to  be 
exactly  in  equilibrium,  found  that  the  balance  remained  undisturbed 
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when  the  water  was  completely  frozen,  though  the  heat  the  water  had 
lost  must  have  been  more  than  sufficient  to  have  made  an  equal 
weight  of  gold  red-hot. 

411.  Heat  is  supposed  to  be  the  effect  of  a  species 
of  motion,  like  a  vibration  or  undulation,  what  is 
produced  in  the  constituent  particles   of  ^^^"^^^jc 

bodies.  of  heat  ? 

When  one  end  of  a  bar  of  iron  is  thrust  into  the  fire,  and  heated, 
the  other  end  soon  becomes  hot  also.  The  heat  of  the  fire  com- 
municates to  the  particles  of  the  iron  themselves  certain  vibratory 
motions,  which  motions  are  gradually  transmitted  in  every  direction 
by  means  of  a  subtile  fluid  called  giAer,  which  is  supposed  to  per- 
vade all  matter,  and  produce  the  sensation  of  heat  in  the  same  way 
that  the  undulations  or  vibrations  of  air  produce  the  sensation  of 
sound. 

412.  The  relation  between  heat  and  light  is  a  very  intimate  one. 
Heat  exists  without  light,  but  all  the  ordinary  sources 
of  light  are  also  sources  of  heat ;  and  by  whatever  arti-   ^j^^  i^  there 
ficial  means  natural  light  is  condensed,  so  as  to  increase    between  heat 
its  splendor,  the  heat  which  it  produces  is  also,  at  the   *°^  ***^'**  ' 
same  time,  rendered  more  intense. 

413.  When  a  body,  naturally  incapable  of  emitting 
light,  is  heated  to  a  sufficient  extent   to  when  is  a 
become  luminous,  it  is  said  to  be  incan-  5**^yi°can- 

descent  or 

descent,  or  ignited.  ignited  ? 

Luminous  heat  is  heat  issuing  from  a  luminous  or  incandescent 
source ;  as  from  the  flame  ot  a  lamp,  or  from  the  sun.  Obscure  heat 
is  heat  given  out  by  a  non-luminous  source;  as  by  a  vessel  of  boil- 
ing water,  or  by  the  earth. 

414.  Flame  is  ignited  gas  issuing  from  a  burning 
body.     Fire  is  the  appearance  of  heat  and  . 
light  in  conjunction,  produced  by  the  com-  flame  and 
bustion  of  inflammable  substances. 

The  ancient  philosophers  used  the  term  "  fire  "  as  a  characteristic 
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of  the  nature  of    eat,  and  regarded  it  as  one  of  the  four  elements  of 
nature  ;  air,  earth,  and  water  being  the  other  three. 

Heat,  and  the  attraction  of  cohesion,  act  constantly  in  opposition 
to  each  other :  hence,  the  more  a  body  is  heated,  the  less  will  be  the 
attractive  force  between  the  particles  of  which  it  is  composed. 


SECTION    I. 

SOURCES  OP  HEAT. 

415.  Four  great  sources  of  heat  are  recognized. 
What  are  They  are  ;  (i)  the  sun  ;  (2)  the  interior  of 
the  principal    ^^iQ    earth;    (3)    mechanical    action;    (4) 

sources  of  >      \^/  »      \-t/ 

heat?  chemical  action. 

What  is  the        4^^-  The  greatest  natural  source  of  heat 

greatest  nat-   jg  ^^iq  sun,  as  it  is  also  the  greatest  natu- 

ural  source  '  o 

of  heat?         ral  source  of  light. 

The  sun  is  supposed  to  be  an  enormous  solid   or  liquid  body 

««*!.  s.  ■  *u  invested  with  an  atmosphere  of  flame.  The  amount  of 
What  IS  the  '^ 

supposed  heat  received  from  the  sun  by  the  earth  in  one  year  is 

state  of  capable  of  melting  a  mass  of  ice  suflicient  to  envelop 

the  sun  ?  ^j^^  ^^^^  ^^  ^^^  ^^p^j^  ^^  ^^^  hundred  feet.    The  earth 

receives  but  the  ^T7?TrVcinnJ  P^^^  ®^  *^^  *°^^^  amount  of  heat  emit- 
ted by  the  sun ;  and  this  amount  is  further  lessened  by  the  absorption 
of  the  heat  by  the  earth's  atmosphere,  which  at  times  amounts  to 
as  much  as  twenty-five  per  cent. 

Exactly  what  the  temperature  of  the  sun  is,  philosophers  are  unable 
to  say ;  one  fixing  it  at  many  millions  of  degrees,  another  at  only  a  few 
thousand  degrees,  or  no  hotter  than  many  of  our  terrestrial  sources  of 
heat. 

Although  the  quantity  of  heat  sent  forth  from  the  sun  is  immense, 
its  rays,  falling  naturally,  are  never  hot  enough,  even  in  the  Torrid 
Zone,  to  kindle  combustible  substances.  By  means,  however,  of  a 
burning-glass,  the  heat  of  the  sun*s  rays  can  be  concentrated  or  bent 
toward  one  point,  called -a  focus,  in  sufficient  quantity  to  set  fire  to 
substances  submitted  to  their  action. 


HEAT.  231 

417.  Owing  to  the  position  of  the  earth's  axis,  the 
relative  amount  of  heat  received  from  the  why  is  the 
sun  is  always  greater  in  some  portions  of  ^?thc sun** 
the  earth  than  at  others,  since  the  rays  of  always 
the  sun  always  fall  more  directly  upon  the  fomc"©" 
central  portions  of  the  earth  than  they  do  larththan'' 
at  the  poles,  or  extremities  ;  and  the  great-  a* others? 
est  amount  of  heat  is  experienced  from  the  rays  of 
the  sun  when  they  fall  most  perpendicularly. 

The  heat  of  the  sun  is  greatest  at  noon,  because  for  Why  is  the 
the  day  the  sun  has  reached  the  highest  point  in  the  ^^^^  ^^  *^* 
heavens,  and  its  rays  fall  more  perpendicularly  than  at  J^  noon*  " 
any  other  time. 

For  a  like  reason  we  experience  the  extremes  of  temperature,  dis- 
tinguished as  summer  and  winter.     In  summer  the  posi- 
tion of  the  sun  in  relation  to  the  earth  is  such,  that,    What  occa- 

sions  the 
although  more  remote  from  the  earth  than  in  winter,  its    difference  in 

rays  fall  more  perpendicularly  than  at  any  other  season,    temperature 
and  impart  the  greatest  amount  of  heat ;  while  in  win-    *°  summer 
ter  the  position  of  the  sun  is  such  that  its  rays  fall  more 
obliquely  than  at  any  other  time,  and  impart  the  smallest  amount  of 
heat.    The  sun,  moreover,  is  longer  above  the  horizon  in  summer  than 
in  winter,  which  also  produces  a  corresponding  effect. 

Let  us  suppose  A  B  C  D,  Fig.  176,  to  represent  a  portion  of  the 
sun's  rays,  and  C  D  a  portion  of 
the  earth's  surface  upon  which 
the  rays  fall  perpendicularly,  and 
C  E  portions  of  the  surface  upon 
which  they  fall  obliquely.  The 
same  number  of  rays  will  strike 
upon  the  surfaces  C  D  and  C  E,  '  ^^  * 

but,  the  surface  C  E  being  greater  than  C  D,  the  rays  will  necessa- 
rily fall  .more  densely  upon  the  latter;  and,  as  the  heating  power  must 
be  in  proportion  to  the  density  of  the  rays,  it  is  obvious  that  C  D  will 
be  heated  more  than  C  E,  in  just  the  same  proportion  as  the  surface 
C  E  is  more  extended.  But,  if  we  would  compare  two  surfaces  upon 
neither  of  which  the  sun's  rays  fall  perpendicularly,  let  us  take  C  E 
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extremes  of 
heat,  and 
what  is  the 
absolute  zero 
of  tempera- 
ture ? 


and  C  F.  They  fall  on  C  E  with  more  obliquity  than  on  C.F;  but 
C  E  is  evidently  greater  than  C  F,  and  therefore  the  rays,  being 
diffused  over  a  larger  surface,  are  less  dense  and  therefore  less  effec- 
tive in  heating. 

418.  The  average  temperature  of  the  globe  is  placed  at  50®  (Fahren- 
What  are  the  limit's  scale).  The  extremes  of  natural  temperature  are 
70°  below  zero,  and  120°  above  zero;  of  artificial  heat, 
220°  below  zero,  and  36,000°  above  zero.  It  is  estimated 
that  at  the  temperature  of  459°  below  zero  (Fahrenheit's 
scale),  no  heat  would  remain;  that  is,  all  molecular 
motion  would  cease.  Since  it  is  not  possible  to  reach 
this  temperature,  it  is  an  ideal  point,  known  as  the  absolute  zero  of 
temperature. 

419.  The  rays  of  the  sun  falling  upon  land  are 
arrested,  and  their  influence  extends  to  a  distance  which 
varies  from  fifty  to  one  hundred  feet ;  but  falling  on 
water  they  penetrate  to  a  considerably  greater  depth. 
In  clear  water  this  depth  is  estimated  to  be  about  six 
hundred  feet 

420.  Independently  of  the  sun,  the  earth  is  a  source 
of  heat.  The  proof  of  this  is  to  be  found  in  the  fact, 
that  as  we  descend  into  the  earth,  and  pass  beyond  the 
limits  of  the  influence  of  the  solar  heat,  the  tempera- 
ture constantly  rises. 

At  what  rate  '^^^  incFcase  of  temperature  observed  as 
does  the  tern-  ^e  dcscend   into   the  earth  is  about  one 

perature  of 

the  earth        degree  of  the  thermometer  for  every  fifty 

increase  ?  r      -..     r    j  ^ 

feet  of  descent. 

Supposing  the  temperature  to  increase  according  to  this  ratio,  at 
the  depth  of  two  miles  water  would  be  converted  into  steam ;  at  four 
miles  tin  would  be  melted;  at  five  miles,  lead;  and  at  thirty  miles 
almost  every  earthy  substance  would  be  reduced  to  a  fluid  state. 

The  internal  heat  of  the  earth  does  not  appear  to  have  any  sensible 
effect  upon  the  temperature  at  the  surface,  being  estimated  at  less  than 
•^  of  a  degree.  The  reason  why  such  an  amount  of  heat  as  is  sup- 
posed to  exist  in  the  interior  of  the  earth  does  not  more  sensibly  affect 
the  surface  is  because  the  materials  of  which  the  exterior  strata  or 
crust  of  the  earth  is  composed  do  not  readily  conduct  it  to  the  surface 
from  the  interior. 


To  what 
depth  in  the 
earth  does 
the  heat  of 
the  sun 
extend  ? 


How  do  we 
know  that 
the  earth  is 
a  source 
of  heat? 
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42 1 1  Many  bodies,  when  their  original  constitution 
is   altered,   either  by   the  abstraction   of  hq^,, 
some  of  their  component  parts,  or  by  the  chemical 
addition  of  other  substances  not  before  in  source  of 
combination  with  -them,  evolve  heat  while  ^***' 
the  change  is  taking  place. 

In  such  cases  the  heat  is  said  to  be  due  to  chem- 
ical action. 

We  apply  the  term  chemical  action  to  those  operations,  whatever 
they  may  be,  by  which  the  form,  solidity,  color,  taste, 
smell,  and  action   of  substances  become  changed,  so   chemical 
that  new  bodies,   with   quite   different  properties,  are    action  ? 
formed  from  the  old. 

A  familiar  illustration  of  the  manner  in  which  heat  is  evolved  by 
chemical  action  is  to  be  found  in  the  experiment  of  pouring  cold  water 
upon  quipk-lime.  The  water  and  the  lime  combine  together,  and  in  so 
doing  liberate  a  great  amount  of  heat,  sufficient  to  set  fire  to  combus- 
tible substances. 

422.  Heat  is  always  evolved  when  a  fluid  is  trans- 
formed into  a  solid,  and  is  always  absorbed 

when  a  solid  is  made  to  assume  a  fluid  "^^tl^bir* 
condition.     As  water  is  changed  from  its  the  change 

of  form  in 

liquid  form  when  it  is  taken  up  by  quick-  matter? 
lime,  therefore  heat  is  given  off. 

The  heat  produced  by  the  various  forms  of  combustion  is  the 
result  of  chemical  action. 

423.  When  electricity  passes  from  one  substance 
to  another,  the  medium  which  serves  to  under  what 
conduct  it  is  very  frequently  heated ;  the  suncTJis 
heat  produced  is  due  to  chemical  action.  «»ectricity 

^  a  source 

Electricity  is  the  force  which  presides  over  of  heat? 
its  distribution. 
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The  greatest  known  heat  with  which  we  are  acquainted  is  thus  pro- 
duced by  the  agency  of  the  electric  or  galvanic  current.  All  known 
substances  can  be  melted  or  volatilized  by  it. 

Heat  so  developed  has  not  been  employed  for  practical  or  econom- 
ical purposes  to  any  great  extent ;  but  for  philosophical  experiments 
and  investigations  it  has  been  made  quite  useful. 

424.  Most  living  animals  possess  the  property  of 
What  is  maintaining  in  their  systems  an  equable 
meant  by  temperature,  whether  surrounded  by  bod- 
ies that  are  hotter  or  colder  than  they  are 
themselves.  The  cause  of  this  is  due  to  the  action 
of  vital  heat,  or  the  heat  generated  or  excited  by  the 
organs  of  a  living  structure. 

The  following  facts  illustrate  this  principle :  The  explorers  of  the 
Arctic  regions,  during  the  polar  winter,  while  breathing  air  that  froze 
mercury,  still  had  in  them  the  natural  warmth  of  98°  Fahrenheit 
above  zero ;  and  the  inhabitants  of  India,  where  the  same  thermome- 
ter sometimes  stands  at  115°  in  the  shade,  have  their  blood  at  no 
higher  temperature.  Again,  the  temperature  of  birds  is  not  that  of 
the  atmosphere,  nor  of  fishes  that  of  the  sea. 

The  cause  of  animal  heat  is  undoubtedly  chemical  action.  The 
What  is  the  oxygen  of  the  atmosphere,  when  inhaled  by  the  lungs, 
cause  of  unites  with  certain  constituents  of  the  blood,  and  pro- 

vital  heat  ?  duces  heat.  It  is  a  process  of  combustion.  The  animal 
body  is  like  a  machine.  It  consumes  food,  which  serves  as  fuel,  and 
produces  force.  But  it  differs  from  a  machine  in  the  respect  that  it 
also  furnishes  the  material  for  repair. 

Growing  vegetables  and  plants  also  possess,  in  a  degree,  the  prop- 
Do  plants  ^""^y  °^  maintaining  a  constant  temperature  within  their 
possess  this  structure.  The  sap  of  trees  remains  unfrozen  when  the 
property?  temperature  of  the  surrounding  atmosphere  is  many 
degrees  below  the  freezing-point  of  water. 

This  power  of  preserving  a  constant  temperature  in  the  animal 
structure  is  limited.  Intense  cold,  suddenly  coming  upon  a  man  who 
has  not  sufficient  protection,  first  causes  a  sensation  of  pain,  and  then 
brings  on  an  almost  irresistible  sleepiness,  which,  if  indulged  in,  proves 
fatal.  A  great  excess  of  heat  also  can  not  long  be  sustained  by  the 
human  system. 
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Each  species  of  animal  and  vegetable  appears  to  have  a  temperature 
natural  and  peculiar  to  itself ;  and  from  this  diversity  different  races 
are  fitted  for  different  portions  of  the  earth's  surface.  Thus  the 
orange-tree  and  the  bird  of  paradise  are  confined  to  warm  latitudes ; 
the  pine-tree  and  the  Arctic  bear,  to  those  which  are  colder. 

When  animals  and  plants  are  removed  from  their  peculiar  and 
natural  districts  to  one  entirely  different,  they  cease  to  exist,  or  change 
their  character  in  such  a  way  as  to  adapt  themselves  to  the  climate. 
As  illustrations  of  this,  we  find  that  the  wool  of  the  northern  sheep 
changes  in  the  tropics  to  a  species  of  hair.  The  dog  of  the  Torrid 
Zone  is  nearly  destitute  of  hair.  Bees  transported  from  the  north  to 
the  region  of  i>erpetual  summer  cease  to  lay  up  stores  of  honey,  and 
lose  in  a  great  measure  their  habits  of  industry. 

Man  alone  is  capable  of  living  in  all  climates,  and  of  migrating 
freely  to  all  portions  of  the  earth. 

Of  all  animals  birds  have  the  highest  temperature  ;  mammalia,  or 
those  which  suckle-their  young,  come  next;  then  amphibious  animals, 
fishes,  and  certain  insects.  Shell-fish,  worms,  and  the  like,  stand  low' 
est  in  the  scale  of  temperature.  The  common  mud-wasp,  in  its  chrysa-. 
lis  state,  remains  unfrozen  during  the  most  severe  cold  of  a  northern 
winter ;  the  fluids  of  the  body  instantly  congeal,  however,  in  a  freezing 
temperature,  the  moment  the  case  or  shell  which  incloses  it  is 
crushed. 

425.  Another  important  source  of  heat   How  is 

....  1^1*  1  1    mechanical 

IS  mechanical  action,  heat  being  produced  action 


by  friction,  and   by  the   condensation    or  *°""^*°^ 
compression  of  matter. 


a 
heat? 


Savage  nations  kindle  a  fire  by  the  friction  of  two  pieces  of  drj 
wood ;  the  axles  of  wheels  revolving  rapidly  frequently 
become  ignited ;  and,  in  the  boring  and  turning  of  metal,    illustrations 
the  chisels  often  become   intensely  hot.    In  all   these    of  the 
cases,  it  was  believed  that  the  friction  of  the  surfaces  of   production 
wood  or  of  metal  in  contact  disturbed  the  latent  heat    friction  ? 
of  these  substances,  and  rendered  it  sensible.  * 

The  following  interesting  experiment  was  made  by  Count  Rumford, 
to  illustrate  the  effect  of  friction  in  producing  heat :  A  borer  was  made 
to  revolve  in  a  cylinder  of  brass,  partially  bored,  thirty-two  times  in  a 
minute.    The  cylinder  was  inclosed  in  a  box  containing   eighteen 
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pounds  of  wat^r,  the  temperature  of  which  was  at  first  60°,  but  rose  in 

an  hour  to  107°  ;  and  in  two  hours  and  a  half  the  water  boiled. 

Air  does   not  appear  to  be  necessary  to  the  production  of  heat 

by  the  friction  of  solid  bodies,  since  heat  is  produced  by 
Isairncces-      ^  .     .  .,,  . 

sary  for  the      friction  withm  a  vacuum. 

production  It  was  formerly  supposed   that  solids  alone   could 

f'-^«*' ?  develop  heat  by  friction;   but  recent  experiments  have 

proved,  beyond  a  doubt,  that  heat  is  also  generated  by 
the  friction  of  fluids. 

426.  Thus  mechanical  motion  may  be  transformed  into  heat.  But 
heat  is  likewise  capable  of  being  changed  into  mechanical  motion,  as 
is  seen  in  the  steam-engine,  in  which  heat  applied  to  water  generates 
motion.  The  law  which  expresses  the  relation  between  heat  and  me- 
chanical action  may  be  thus  enunciated :  — 

Heat  and  energy  are  mutually  convertible ;  and  heat 
What  is  requires  for  its  production,  and  produces 
Equivalent?  by  its  disappearance,  mechanical  energy  in 
the  ratio  of  ^^2  foot-pounds  for  every  thermal  unit. 

That  is,  the  quantity  of  heat  which  is  necessary  to  raise  the  temper- 
ature of  one  pound  of  water  through  one  degree  Fahrenheit  can  raise 
a  weight  of  772  pounds  through  one  foot  from  the  surface  of  the  earth. 
This  law,  from  the  name  of  the  discoverer,  has  been  called  Joule's 
Equivalent. 

The  mechanical  equivalence  of  heat  and  motion  enables  us  to 
explain  many  common  phenomena.  No  machine,  we  have  said  (Sect. 
155),  can  be  made  to  transmit  the  whole  amount  of  force  imparted  to 
it  by  the  moving  power.  The  portion  of  the  mechanical  energy  sup- 
plied to  the  machine  that  is  wasted  is  expended  in  overcoming  fric- 
tion. Whenever  motion  is  produced  in  opposition  to  friction,  the 
mechanical  energy  expended  in  producing  these  effects  is  lost  to  the 
purposes  of  the  machine ;  but  the  heat  evolved  is  its  representative. 
A  falling  body,  on  striking  the  earth,  loses  its  motion,  but  produces  its 
equivalent  in  heat.  Iron  may  be  made  red-hot  by  striking  it  with  a 
hammer.  The  hammer,  on  reaching  the  piece  of  iron,  is  arrested,  but 
its  force  is  not  destroyed.  It  has  transferred  motion  to  the  molecules 
of  the  mass  of  iron,  and  this  molecular  motion  is  rendered  perceptible 
to  the  proper  nerves  as  heat.  Thus  heat  is  a  kind  of  molecular  mo- 
tion, and  may  be  generated  alike  by  friction,  percussion,  or  compres- 
sion, as  well  as  by  combustion. 
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SECTION  II. 

COMMUNICATION  OF  HEAT. 

427.  Heat    may   be    communicated    in  How  may 

-^  ,      ^  .       *****  ^  *^o"*- 

three  ways,  —  hy  Conduction,  by  Conitection,  municated? 

and  by  Radiation. 

428.  Heat   is  communicated  by  conduction  when 
it  travels  from  particle  to  particle  of  the  how  is  heat 

substance,  as  from  the  end  of  the  iron  bar  communi- 
cated by 

placed  in  the  fire,  to  that  part  of  the  bar  conduction? 
most  remote  from  the  fire. 

429.  When  heat  is  communicated  by  being  carried 
by  the  natural  motion  of  a  substance  con-  ^^at  is 
taining  it  to  another  substance  or  place,  convection? 
as  when  hot  water  resting  upon  the  bottom  of  a  ket- 
tle rises,  and  carries  heat  to  a  mass  of  water  through 
which  it  ascends,  the  heat  is  said  to  be  communicated 
by  convection. 

430.  Heat  is  communicated  by  radiation  when  it 
leaps,  as   it  were,  from   a  hot   to  a  cold  „,^    . 

^  '  '  What  is 

body  through  an  appreciable   interval   of  radiation 

1  11*  1     1         of  heat  ? 

space ;   as   when   a   body   is   warmed    by 

placing  it  before  a  fire  removed  to  a  little  distance 

from  it. 

In  each  of  these  three  cases,  the  temperatures  of  the  hot  and  cold 
bodies  tend  to  become  equal. 

431.  A  heated  body  cools  itself,  first  by  giving  off 
heat  from  its  surface,  either  by  conduction  „ 

'  •'  How  does  a 

or  radiation,  or  both  conjointly;  and,  sec-  heated  body 

,,       ,        ^,        ,        ^    .       .^      .    ^      .  .  coolitself? 

ondly,  by  the  heat  m  its  interior  passing 
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from  particle  to  particle  by  conduction  through  its 
substance  to  the  surface.  A  cold  body,  on  the  con- 
trary, becomes  heated  by  a  process  directly  the  re- 
verse of  this. 

432.  Different  bodies  exhibit  a  very  great  degree 
^    « .  .      of    difference   in    the   facility  with   which 

Do  all  bodies  ^ 

conduct  heat    they  conduct   heat :   some  substances  op- 

equallywell?  ,.     ,  ,.  . 

pose  very  little  impediment  to  its  passage, 
while  through  others  it  is  transmitted  slowly. 

433.  All  bodies  are  divided  into  two  classes  in 
What  ar  *  rcspcct  to  their  conduction  of  heat ;  viz., 
conductors      into  conductors  and  non-conductors.     The 

and  non- 

conductors      former   are   such   as   allow   heat    to   pass 
freely  through  them ;  the  latter  comprise 
those  which  do  not  give  an  easy  passage  to  it. 

Dense  solid  bodies,  like  the  metals,  are  the  best, 
conductors  of  heat ;  *  light,  porous  substances,  more 
especially  those  of  a  fibrous  nature,  are  the  worst 
conductors  of  heat. 

The  different  conducting  power  of  various  solid  substances  may  be 
strikingly  shown  by  taking  a  series  of  rods  of  equal  length  and  thick- 
ness, coating  one  of  their  extremities  with  wax,  and  placing  the  other 
extremities  equally  in  a  source  of  heat.  The  wax  will  be  found  to 
entirely  melt  off  from  some  of  the  rods  before  it  has  hardly  softened 
upon  others. 

*  The  following  tabic  exhibits  the  relative  conducting  powers  of  different  sub- 
stances :  the  ratio  expressing  the  conducting  power  of  stiver  being  taken  at  100  :  — 

Silver .  100.0  Iron 11.9 

Copper 77.6  Steel 12.0 

Gold. 53.2  Lead      . 8.5 

Zinc 19.9  Platinum 8.2 

Tin 14.5  Bismuth 1.9 

Th«  metals  in  this  table  conduct  electricity  in  the  same  order;  silver  being  the  best 
conductor,  and  bismuth  the  poorest. 


434-  Liquids  are  almost   absolute  iion-conductors 
of  heat. 

If  a  small  quantity  of  alcohol  lie  poured  on 
the  surface  of  water,  and  inflamed,    ,^. 
it  will  continue  lo  burn  for  some    conduciing 
lime.  (SeeFig.  177.)  A  thertiiom    powerof 
eter,  immersed  at  a  small  depth  be-    '"'""''' 
low  the  common  surface  of  the  spirit  and  the  ms 
ter.willfail  to  show  any  increase  in  temperature. 

If  a  lube  nearly  filled  with  water  is  held  over 
a  spiiit-lamp,  as  in  Fig.  17S,  in  such  a  manner 
as  to  direct  the  fiame  against  the  upper  layers 
of  the  water,  the  water  will  be  observed  to  boil 
at  the  top,  but  remain  cool  below.     It  quick-  p^   ,jj 

silver,  on  the  contrary,  be  so  treated,  its  lower 

layers  will  speedily  become  heated.    The  particles  of  mercury  will  com- 
municate the  heal  to  each  other,  but  the  particles  of  water  will  not  do  So. 

A  stone  or  marble  hearth  in  an  apartment  feels  colder  to  the  feet 

hearthrug,  not  because  ^^y  doM 
the  one  is  hotter  than  or  marble 
the  other,  for  both  are  tiearth  te^ 
leally  of  the  same  tem  coWe'ii'ii 
perature,  lint  because  the 
-.lone  and  marble  are  good  conductors, 
Fio   T7E.  and  the  woolen  carpet  and  hearthrug 

vetv  bad  conductors 
Most  varieties  of  wood  ate  bad  conductors  of  heat :  hence,  though 
one  end  of  a  slick  is  blazing,  the  other  end  mav  be  quite  cold. 
Cooking  vessels,  for  this  reason,  are  often  furnished  with  wooden 
handles,  which  conduct  the  heal  of  the  vessel  loo  slowly  to  render 
its  Influx  into  our  hands  painful.  For  the  same  reason  we  use  paper 
01  woolen  kettle. holders. 

435.  Bodies  in  the  gaseous  or  aeriform  condition 
are   more   imperfect   conductors   of    heat  ^^^j^^j 
than  liquids.     Common  air,  especially,  is  eiientdo 
one  of  the  worst  conductors  of  heat  with  bodiucon- 
which  we  are  acquainted.  aoethe^? 
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436.  Air  is,  however,  readily  heated  by  convection. 
How  is  air  Thus,  whcn  a  portion  of  air  by  coming  in 
heated?  contact  with  a  heated  body  has  heat  im- 

parted to  it,  it  expands,  and,  becoming  relatively 
lighter  than  the  other  portions  around  it,  rises  up- 
ward in  a  current,  carrying  the  heat  with  it ;  other 
colder  air  succeeds,  and  (being  heated  in  a  similar 
way)  ascends  also.  A  series  of  currents  are  thus 
formed,  which  are  called  "convective  currents." 

In  this  way  air,  which  is  a  bad  conductor,  rapidly  reduces  the  tem- 
perature of  a  heated  substance.  If  the  air  which  incases  the  heated 
substance  were  to  remain  perfectly  motionless,  it  would  soon  become, 
by  contact,  of  the  same  temperature  as  the  body  itself,  and  the  with- 
drawal of  heat  would  be  checked;  but,  as  the  external  air  is  never 
perfectly  at  rest,  fresh  and  colder  portions  continually  replace  and 
succeed  those  which  have  become  in  any  degree  heated,  and  thus  the 
abstraction  of  heat  goes  on. 

For  this  reason  a  windy  day  always  feels  colder  than  a  calm  day  of 
the  same  temperature,  because  in  the  former  case  the  particles  of  air 
pass  over  us  more  rapidly,  and  every  fresh  particle  takes  some  portion 
of  heat. 

Woolens  and  furs  are  used  for  clothing  in  cold  weather,  not  because 
Why  a  e  furs  ^^^^  impart  any  heat  to  the  body,  but  because  they  are 
and  woolens  very  bad  conductors  of  heat,  and  therefore  prevent  the 
used  for  warmth  of  the  body  from  being  drawn  off  by  the  cold 

c  o    ing  ^j^^    yj^^  j^g^^  generated  in  the  animal  system  by  vital 

action  has  constantly  a  tendency  to  escape,  and  be  dissipated  at  the 
surface  of  the  body ;  and  the  rate  at  which  it  is  dissipated  depends  on 
the  difference  between  the  temperature  of  the  surface  of  the  body  and 
the  temperature  of  the  surrounding  medium.  By  interposing,  how- 
ever, a  non  conducting  substance  between  the  surface  of  the  body  and 
the  external  atmosphere,  we  prevent  the  loss  of  heat  which  would 
otherwise  take  place  to  a  greater  or  less  degree. 

The  warmest  clothing  is  that  which  fits  the  body  rather  loosely, 
because  more  hot  air  will  be  confined  by  a  moderately  loose  garment 
than  by  one  which  fits  the  body  tightly. 

Blankets  and  warm  woolen  goods  are  always  made  with  a  nap  or 
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projection  of  fibers  upon  the  outside,  in  order  to  take  advantage  of 
this  principle.  The  nap  or  fibers  retain  air  among  them,  which,  from 
its  non-conducting  properties,  serves  to  increase  the  warmth  of  the 
material. 

Woolen  substances  are  worse  conductors  of  heat  than  cotton,  cot- 
ton than  silk,  and  silk  than  linen. 

The  finer  the  fibers  of  hair  or  wool,  the  more  closely  they  retain 
the  air  enveloped  within  them,  and  the  more  impermea-   what  influ- 
ble  they  become  to  heat.     In  accordance  with  this  prin-   ence  has  the 
ciple,  the  external  coverings  of  animals  vary  not  only   ^/**??**  °^ 
with  the  climate  which  the  species  inhabit,  but  also  in   ^p^Q  ^Y^^ 
the  same  individual  they  change  with  the  season.    In    warmth  of 
warm  climates  the  furs  are  generally  coarse  and  thin ;    *  material  ? 
while  in  cold  countries  they  are  fine,  close,  light,  and  of  uniform  tex- 
ture, almost  perfect  non-conductors  of  heat. 

"We  have  illustrations  of  this  principle  also  in  the  vegetable  king- 
dom. The  bark  of  trees,  instead  of  being  compact  and  hard  like  the 
wood  it  envelops,  is  porous,  and  formed  of  fibers,  or  layers ;  which,  by 
including  more  or  less  of  air  between  their  surfaces,  are  rendered 
non-conductors,  and  prevent  the  escape  of  heat  from  the  body  of  the 
tree. 

An  apartment  is  rendered  much  warmer  for  being  furnished  with 
double  doors  and  windows,  because  the  air  confined  between  the  two 
surfaces  opposes  both  the  escape  of  heat  from  within,  and  the  admis- 
sion of  cold  from  without. 

As  a  non-conducting  substance  prevents  the  escape  of  heat  from 
within  a  body,  so  it  is  equally  efiicacious  in  preventing  the  access  of 
heat  from  without.  In  an  atmosphere  hotter  than  our  bodies,  the 
effect  of  clothing  would  be  to  keep  the  body  cool.  Flannel  is  one  of 
the  warmest  articles  of  dress,  yet  we  can  not  preserve  ice  more  effectu- 
ally in  summer  than  by  enveloping  it  in  its  folds.  Firemen  exposed 
to  the  intense  heat  of  furnaces  and  steam-boilers  invariably  protect 
themselves  with  flannel  garments. 

Cargoes  of  ice  shipped  to  the  tropics  are  generally  packed  for 
preservation  in  sawdust :  a  casing  of  sawdust  is  also  one  of  the  most 
effectual  means  of  preventing  the  escape  of  heat  from  the  surfaces  of 
steam-boilers  and  steam-pipes.  Straw,  from  its  fibrous  character,  is 
an  excellent  non-conductor  of  heat,  and  is  for  this  reason  extensively 
used  by  gardeners  for  incasing  plants  and  trees  which  are  exposed  to 
the  extreme  cold  of  winter. 


242  NATURAL   PHILOSOPHY. 

437.  The  so-called  "  fire-proof  "  safes  are  generally  constructed  of 

double  or  treble  walls  of  iron,  with  intervening  spaces 
principle  arc  between  them  filled  with  gypsum,  or  "  plaster  of  Paris." 
fire-proof  This  lining,  which  is  a  most  perfect  non-conductor,  pre- 

safes  con-        vents  the  heat  from  passing  from  the  exterior  of  the  safe 

to  the  books  and  papers  within.  The  idea  of  applying 
"  plaster  of  Paris  "  in  this  way  for  the  construction  of  safes  originated, 
in  the  first  instance,  from  a  workman  attempting  to  heat  water  in  a  tin 
basin,  the  bottom  and  sides  of  which  were  thinly  coated  with  this  sub- 
stance. The  non-conducting  properties  of  the  plaster  were  so  great 
as  to  almost  entirely  intercept  the  passage  of  the  heat ;  and  the  man, 
to  his  surprise,  found  that  the  water,  although  directly  over  the  fire, 
did  not  get  hot. 

Snow  protects  the  soil  in  winter  from  the  effects  of  cold  in  the 

same  way  that  fur  and  wool  protect  animals,  and  cloth- 
How  does  ^ 

snow  protect  ing  man.  Snow  is  made  up  of  an  infinite  number  of 
the  earth  little   crystals,  which  retain  among  their  interstices  a 

from  cold .  large  amount  of  air,  and  thus  contribute  to  render  it  a 
non-conductor  of  heat.  A  covering  of  snow  also  prevents  the  earth 
from  throwing  off  its  heat  by  radiation.  The  temperature  of  the 
earth,  therefore,  when  covered  with  snow,  rarely  descends  much  below 
the  freezing-point,  even  when  the  air  is  fifteen  or  twenty  degrees 
colder.  Thus  roots  and  fibers  of  trees  and  plants  are  protected  from 
a  destructive  cold. 

The  aqueous  vapor  in  the  atmosphere,  by  preventing  the  too  rapid 
radiation  of  heat  by  the  earth,  is  supposed  to  have  the  same  effect. 

438.  It  has  been  already  stated  that  liquids  and 

gases  are  non-conductors  of  heat,  and  can  not  well 
be  heated,  like  a  mass  of  metal,  or  any  solid,  by  the 
communication  of  heat  from  particle  to  particle. 

439.  When  the  heat  enters  at  the  bottom  of  a  ves- 

sel containing  water,  a  double  set  of  cur- 
How  IS  ... 

water  made    rents  is  immediately  established, — one  of 

hot   particles   rising  toward   the   surface, 

and  the  other  of  colder  particles  descending  to  the 

bottom.     The  portion  of  liquid  which  receives  heat 
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from  below  is  thus  continually  diffused  through  the 
other  parts,  and  the  heat  is  communicated  by  the 
motion  of  the  particles  among 
each  other. 

These  currents  take  place  so  rap- 
idly, thai  if  a  thermometer  be  placed  at 
the  boitom  and  another  ai  the  top  of 
a  long  jai,  the  fire  being  applied  below, 
the  upper  one  vfill  begin  to  rise  almost 
as  soon  as  the  lower  one.  The  move- 
ment of  the  particles  of  water  in  boil- 
ing will  be  understood  by  reference  to 
^ig-  I??-  They  may  be  rendered  visible 
by  adding  (o  a  Hask  of  boiling  water  a 
few  small  particles  of  bituminous  coal, 
or  flowers  of  sulphur. 

Heat,  however,  passes  by  conduction 
between  the  particles  of  both  liquids  and  „ 

gases,  but  to  such  a  slight  extent  that 

they  were  for  a  long  time  regarded  as  entirely  incapable  of  conduct- 
ing heat. 

440.     The  process  of  cooling  in  a  liquid  is  directly 
the  reverse  of  that  of  heating.     The  parti-  in  what 
cles  at  the  surface,  by  contact  with  the  "I'a^""* 
air,  readily  lose  their  heat,  become  heav-  "wiedf 
ier,  and  sink,  while  the  warmer,  particles  below  in 
turn  rise  to  the  surface. 

To  heat  a  liquid,  therefore,  the  heat  should  be.  applied  at  the  bot- 
tom of  the  mass ;  to  cool  it,  the  cold  sbould'be  applied  at  the  lop,  or 

The  facility  with  which  a  liquid  may  be  heated  or  cooled  depends 
in  a  great  degree  on  the  mobility  of  its  particles.  Water  may  be 
made  to  retain  its  heat  for  a.  long  time  by  adding  to  it  a  small  quantity 
of  starch,  the  panicles  of  which,  by  their  viscidity  or  tenacity,  prevent 
the  free  circulation  of  the  heated  particles  of  water.    For  the  same 
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reason  soup  retains  its  heat  longer  than  water,  and  all  thick  liquids, 
like  oil,  molasses,  tar,  &c.,  require  a  considerable  time  for  cooling. 

441.  When  the  hand  is  placed  near  a  hot  body  suspended  in  the 
Explain  the  ^^^*  ^  sensation  of  warmth  is  perceived,  even  for  a  con- 
pheDomena  siderable  distance.  If  the  haAd  be  held  beneath  the 
of  radiation,  ijody,  the  sensation  will  be  as  great  as  upon  the  sides, 
although  the  heat  has  to  shoot  down  through  an  opposing  current  of 
air  approaching  it.  This  effect  does  not  arise  from  the  heat  being  con- 
veyed by  means  of  a  hot  current,  since  all  the  heated  particles  have  a 
uniform  tendency  to  rise ;  neither  can  it  depend  upon  the  conducting 
power  of  the  air,  because  aeriform  substances  possess  that  power  in  a 
very  low  degree,  while  the  sensation  in  the  present  case  is  excited 
almost  on^  the  instant.  This  method  of  distributing  heat,  to  distin- 
guish it  from  heat  passing  by  conductton  or  convection,  is  called  radia- 
tion ;  and  heat  thus  distributed  is  termed  radiant,  or  radiated  heat. 

In  order  to  account  for  this  transfer  of  heat,  the  existence  of  a 
subtile  imponderable  ether  is  assumed.  This  ether  pervades  all  matter, 
and  is  the  medium  by  which  light  and  heat  are  propagated.  In  a 
heated  body  the  molecules  are  in  a  state  of  rapid  vibration.  These 
vibrations  are  communicated  to  the  ether,  which  in  turn  sets  the  nerves 
of  the  body  vibrating,  and  excites  the  sense  of  heat. 

442.  All  bodies  radiate  heat  in  some  measure,  but 

Do  11  b  d-  ^^^  ^^^  equally  well ;  radiation  being  in 
radiate  heat  proportion  to  the  roughness  of  the  radiat- 
equa  y  we  .^^  surface.  All  dull  and  dark  substances 
are,  for  the  most  part,  good  radiators  of  heat;  but 
bright  and  polished  substances  are  generally  bad 
radiators.*  Color,  ^owever-,  alone,  has  no  effect  on 
the  radiation  of  heat. 

If  a  metal  surface  be  scratched,  its  radiating  power  is  increased. 
A  liquid  contained  in  «  bright,  highly-polished  metal  pot  will  retain 
its  heat  much  longer  than  in  a  dull  and  blackened  one.  If  we  cover 
the  polished  metal  surface  with  a  thin  cotton  or  linen  cloth,  the  radia- 
tion of  heat,  and  consequent  cooling,  will  proceed  rapidly. 

*  The  radiant  power  of  lamp-black  being  taken  at  zoo,  it  has  been  iovmd  that  of 
white  lead  was  xoo;  of  paper,  98;  of  glass,  90;  of  Indian  ink,  85;  gum-lac,  72;  steel, 
17;  polished  gold,  3. 
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Black  lead  is  one  of  the  best  known  radiators  of  heat,  and  on  this 
account,  is  generally  employed  for  the  blackening  of  stoves  and  hot- 
air  fiues.  As  a  high  polish  is  unfavorable  to  radiation,  stoves  should 
not  be  too  highly  polished  with  this  substance. 

Heat  radiated  from  the  sun  is  all  radiant  heat. 

443.  Heat  is  propagated  through  space  by  radia- 
tion  in   straight   lines,   and   its   intensity 

varies  according  to  the   same   law  which  propagated 
governs  the  attraction  of  gravitation  ;  that    ^  '* 
is,  inversely  as  the  square  of  the  distance. 

Thus  the  heating  effect  of  any  hot  body  is  nine  times  less  at  three 
feet  than  at  one ;  sixteen  times  less  at  four  feet ;  and    ^j^jj  ^hat 
twenty-five  times  less  at  five.  velocity  does 

The  velocity  with  which  radiant  heat  moves  through    radiant  heat 
space  is,  in  all  probabilitv,  the  same  as  the  velocity  of    "*°^* 
light.  ' 

444.  The  radiation  of   heat  goes  on  at  all  times, 
and  from  all  surfaces,  whether  their  tem-  ooesradia- 
perature   be   the   same,  or  different  from  tion  proceed 

*      ■  ,  constantly 

that  of  surrounding  objects  :  therefore  the  from  an 
temperature  of  a  body  falls  when  it  radi- 
ates more  heat  than  it  absorbs  ;   its  temperature  is 
stationary  when  the  quantities  emitted  and  received 
are  equal ;  and  it  grows  warm  when  the  absorption 
exceeds  the  radiation. 

If  a  body,  at  any  temperature,  be  placed  among  other  bodies,  it 
will  affect  their  condition  of  temperature,  or,  as  we  express  it,  ther- 
mally^ just  as  a  candle  brought  into  a  room  illuminates  all  bodies  in 
its  presence ;  with  this  difference,  however,  that,  if  the  candle  be  ex- 
tinguished, no  more  light  is  diffused  by  it,  but  no  body  can  be  ther- 
mally extinguished.  All  bodies,  however  low  be  their  temperature, 
contain  heat,  and  therefore  radiate  it. 

If  a  piece  of  ice  be  held  before  a  thermometer,  it  will  cause  the 
mercury  in  its  tube  to  fall ;  and  hence  it  has  been  supposed  that  the 
ice  emitted  rays  of   cold.    This  supposition  is  erroneous.    The   ice 
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Describe  the 
radiometer. 


and  the  thermometer  both  radiate  heat,  and  each  absorbs  more  or  less 

of  what  the  other  radiates  toward  it.    But  the  ice,  being 

themometer    **  ^  lower  temperature  than  the  thermometer,  radiates 

sink  when        less  than  the  thermometer,  and  therefore  the  thermome- 

brouffht  near    jg^.  absorbs  less  than  the  ice,  and  consequently  falls, 
ice  ? 

If  the  thermometer  placed  in  the  presence  of  the  ice  had 

been  at  a  lower  temperature  than  the  ice,  it  would,  for  like  reasons,  have 
risen.    The  ice,  in  that  case,  would  have  warmed  the  thermometer. 
445.  The  radiometer  (Fig.  180)  consists  of  four  or  more  light  arms, 

bearing  small  disks  of  pith  or  mica, 
blackened  on  one  side,  and  having 
their  dark  surfaces  all  facing  the  same 
way.  These  arms  are  balanced  on  a  needle-point, 
and  are  inclosed  in  a  glass  tube  from  which  the  air 
has  been  exhausted.  On  bringing  a  hot  body  near 
this  instrument,  the  arms  will  revolve,  the  black- 
ened surfaces  moving  away  from  the  source  of  heat. 
On  exposing  the  radiometer  to  sunlight,  the  vanes 
will  rotate  more  or  less  rapidly.  This  effect  was  at 
first  attributed  to  the  mechanical  action  of  light,  but 
is  now  known  to  be  due  to  heat  radiations. 

446.  Radiations,  or  effects  which  are  propagated 
What  do  we  ^"  straight  lines  only  (such  as  light  and 
mean  by  radiant   heat),  are  most  conveniently 

rays  of  heat      considered  by  dividing  them   into  in- 
^^  numerable  straight  lines,  or  rays  ;  not 

that  there  are  any  such  divisions  in  nature,  but  they 
enable  us  more  readily  to  comprehend  the  nature  of 
the  phenomena  with  which  these  principles  are  concerned. 

447.  When  rays  of  heat  radiated  from  one  body 
When  radi-  ^^^^  upon  the  surface  of  another  body,  they 
ant  heat  falls  may  be  disposed  of  in  three  ways  :  i.  They 
surface  of  a  may  rebound  from  its  surface,  or  be  re- 
may  It  h^  fleeted.  2.  They  may  be  received  into  its 
disposed  of?    surface,   or   be   absorbed.*     3.    They  may 

*  The  radiation  both  of  light  and  heat  consists  in  the  communication  of  motion 
from  the  vibrating  atoms  of  bodies  to  the  ether  which  surrounds  them.  The  absorp* 
tion  of  heat  consists  in'  the  acceptance  of  motion,  on  the  part  of  the  atoms  of  a  body, 


pass  directly  through  the  substance  of  the  body,  or 
be  transmitted. 

The  temperature  of  a  body  U  raised  oa\j  by  so  many  of  the  rays  ai 

are  absorbed. 

448.  A  ray  of  heat  radiated  from  the  surface  of  a 
body  proceeds  in  a  straight  line  until  it  inwh«t 
meets  a  reflecting  surface,  .from  which  it  ""«' 
rebounds    in    another   straight    line,    the  "''«=**^' 
direction  of  which  is  determined  by  the  law  that  the 
angle  of  incidence  is  equal  to  the  angle  of  reflection. 

The  manner  in  which  heat  is  reflected  is  strikingly  shown  by  taking 


and  N  {Fig. 
181),  of  bright 
metal,     about 


ten   feet.      In 

the    focus    of 

one  minor,  as  Fio,  ,g,, 

at  A,  is  placed 

a  heated  body,  as  a  mass  of  red-hot  iron ;  and  in  the  focus  of  the  other 

mirror,  as  at  B,  a  small  quantity  of  gunpowder,  or  a  piece  of  pho!>- 

phorus.    The   rays    of    heat,   radiated  in  diverging    lines  from  the 

hot  metal,  strike  upon  the  surface  of  the  mirror  M,  and  are  reflected 

by  it  in  parallel  lines  to  the  surface  of  the  opposite  mirror,  N,  where 

they  will  be  caused  to  converge  to  its  focus.  B,  and  ignite  the  powder 

or  phosphorus  at  that  point. 

[ram  elhcr  which  has  been  altesidy  9gilaled  by  a  souiw  o[  light  or  heal.    In  radiatioi. 
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449.  Polished  metallic  surfaces  constitute  the  best 
What  are  reflcctors  of  heat ;  but  all  bright  and  light- 
good  colored  surfaces  are  adapted  for  this  pur- 

reflectors  *^  ^ 

of  heat  ?         pose  to  a  greater  or  less  degree.* 

Water  requires  a  longer  time  to  become  hot  in  a  dri^Al  tin  vessel 
than  in  a  dark-colored  one,  because  the  heat  is  reflected  from  the 
bright  surface,  and  does  not  enter  the  vessel. 

450.  The  power  of  absorbing  heat  varies  with 
How  does  almost  every  form  of  matter.  Surfaces 
absorbhiy  °^  ^^^  S^^^  absorbers  of  heat  in  proportion 
heat  vary?  ^g  they  are  poor  reflectors.  The  best 
radiators  of  heat  also  are  the  most  powerful  ab- 
sorbers, and  the  most  imperfect  reflectors. 

Dark  colors  absorb  heat  from  the  sun  more  abundantly  than  light 
ones.  This  may  be  proved  by  placing  a  piece  of  black  and  a  piece  of 
white  cloth  upon  the  snow  exposed  to  the  sun ;  in  a  few  hours  the 
black  cloth  will  have  melted  the  snow  beneath  it,  while  the  white  cloth 
will  have  produced  little  or  no  effect  upon  it. 

The  darker  any  color  is,  the  warmer  it  is,  because  it  is  a  better 
abso^wnt  of  heat.  The  order  may  be  thus  arranged :  i,  black  (wann- 
est of  all) ;  2,  violet ;  3,  indigo ;  4,  blue ;  5,  green ;  6,  red ;  7,  yellow ; 
and  8,  white  (coldest  of  all). 

A  piece  of  brown  paper  submitted  to  the  action  of  a  burning-glass 
ignites  much  more  quickly  than  a  piece  of  white  paper.  The  reason 
of  this  is,  that  the  white  paper  reflects  the  rays  of  the  sun,  and  though 
but  slightly  heated  appears  highly  luminous ;  while  the  brown  paper, 
which  absorbs  the  rays,  readily  becomes  heated  to  ignition.  For  the 
same  reason,  a  kettle  whose  bottom  and  sides  are  covered  with  soot 
heats  water  more  readily  than  a  kettle  whose  sides  are  bright  and 
clean. 

Light-colored  fabrics  are  most  suitable  for  dresses  in  summer,  sii\ce 
they  reflect  the  direct  heat  of  the  sun,  and  do  not  absorb  it ;  black  out- 
side garments,  on  the  contrary,  are  most  suitable  for  winter,  as  they 
absorb  heat  readily,  but  do  not  reflect  it. 

*  Of  xoo  rays  falling  at  an  angle  of  50*  from  the  perpendicular,  polished  silver  will 
reflect  97;  gold,  95;  polished  brass,  93;  steel,  83;  ^ron,  77;  glass,  10;  lamp-black,  o. 
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Hoar-frost  in  the  spring  and  autumn  may  be  observed  to  remain 
longer  in  the  presence  of  the  morning  sun,  on  light-colored  substances, 
than  upon  the  dark-colored  soil,  &c. ;  the  former  do  not  absorb  the  heat, 
as  the  dark-colored  bodies  do,  but  reflect  it,  and  in  consequence  of  this 
they  remain  too  cold  to  thaw  the  frost  deposited  upon  their  surfaces. 

Air  is  warmed  by  solar  rays  to  a  very  slight  degree.  Hence  the 
upper  regions  of  the  air  are  so  cold  that  even  in  the  tropics  the  tops 
of  high  mountains  are  covered  with  perpetual  snow.  Air  does  not 
radiate  heat. 

451.  The  sun,  however,  heats  the  surface  of  the  earth ;  and  the  air 
resting  upon  it  is  heated  by  contact  with  it,  and  ascends,    ^^^  {g  ^y^^ 
its  place  being  supplied  by  colder  portions,  which  in   atmosphere 
turn  are  heated  also.  heated  ? 

This  reluctance  of  air  to  part  with  its  heat  occasions  some  very  curi- 
ous differences  between  its  burning  temperature  and  that  of  other 
bodies.  Metals,  which  are  generally  the  best  conductors,  and  there- 
fore communicate  heat  most  readily,  can  not  be  handled  with  impunity 
when  raised  to  a  temperature  of  more  than  120^  Fahrenheit;  water 
becomes  scalding  hot  at  150^  Fahrenheit;  but  air  applied  to  the  skin 
occasions  no  very  painful  sensation  when  its  heat  is  far  beyond  that  of 
boiling  water. 

Some  curious  experiments  have  been  made  in  reference  to  the 
power  of  the  human  body  to  withstand  the  influence  of  heated  air. 
Sir  Joseph  Banks  entered  an  oven  heated  52°  above  the  boiling  point, 
and  remained  therc^some  time  without  inconvenience.  During  the 
time  eggs  placed  on  a  metal  frame  were  roasted  hard,  and  a  beef- 
steak was  overdone.  But,  though  he  could  thus  bear  the  contact  of 
the  heated  air,  he  could  not  bear  to  touch  any  metallic  substance,  as  a 
watch-chain,  money,  &c.  Workmen  also  enter  ovens,  in  the  manufac- 
ture of  molds  of  plaster  of  Paris,  in  which  the  thermometer  stands 
100^  above  the  temperature  of  boiling  water,  and  sustain  no  injury. 

452.  Heat,  in  passing  through  most  substances,  or 
media,  is  retained,  or  intercepted   in   its  in  what 
passage,  in  a  greater  or  less  degree.    The  ^JJJJ"JJ^^*. 
capacity  of  solids  and  liquids  for  trans-  mitted 
mitting  heat  is  not  always  in  proportion  to  dififeJent 
their  transparency,  or  capacity  for  trans-  •"*>»**oc«»? 
mitting  light. 
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453.  The  heat  of  the  sun  passes  through  trans- 
parent bodies  without  loss  ;  but  heat  from  terrestrial 
sources  is  in  great  part  arrested  by  many  substances 
which  allow  light  to  pass  freely, — such  as  water, 
alum,  glass,  &c. 

Thus  a  plate  of  glass  held  between  one's  face  and  the  sun  will  not 
protect  it ;  but,  held  between  the  face  and  a  fire,  it  will  intercept  a 
large  proportion  of  the  heat. 

454.  Those  substances  which  allow  heat  to  pass 
freely  through  them  are  called  diathemtanous,  and 
those  which  retain  nearly  all  the  heat  they  receive 
are  called  athermanous. 

Rock-salt  allows  heat  to  pass  through  it  more  readily  than  any  other 
known  substance ;  while  a  thin  plate  of  alum,  which  is  nearly  trans- 
parent, almost  entirely  intercepts  heat.  Heat,  indeed,  will  pass  more 
readily  through  a  black  glass,  so  dark  that  the  sun  at  noon  is  scarcely 
discernible  through  it,  than  through  a  thin  plate  of  clear  alum.  Water 
is  one  of  the  least  diathermanous  substances,  although  its  transparency 
is  nearly  perfect.  If,  therefore,  it  is  desired  to  transmit  light  without 
heat,  or  with  greatly  diminished  heat,  it  is  only  necessary  to  let  the 
rays  pass  through  water,  by  which  they  will  be  strained  of  a  great  part 
of  their  heat.  To  transmit  heat  without  light,  a  layer  of  iodine  dis- 
solved in  bisulphide  of  carbon  may  be  used. 

It  has  been  found  that  the  power  of  heat  to  penetrate  a  dense. 
Ho  does  transparent  substance,  is  increased  in  proportion  as  the 
the  tempera-  temperature  of  the  body  from  which  it  is  radiated  is 
ture  of  a  increased.     Heat,  also,  accompanied  by  light,  is  trans- 

ine  heat  **  "     "^i^^^^^  more  readily  than  heat  without  light, 
affect  its  455-  Heat  and  light  come  to  us  conjointly  from  the 

traDsmis-  sun.     When  a  ray  of  light  is  caused  to  pass  through  a 

prism,  it  is  analyzed  or  separated  into  seven  brilliant 
colors,  or  elementary  parts.    If  the  heat-ray  which  accompanies  the 
light  is  treated  in  a  similar  manner,  our  organs   of 
solar  heat         sight  are  so  constituted  that  we   do  not   discover  any 
simple  or  separation  to  have  taken  place  in   it.     It  is,  however, 

compound  in    established  beyond  a  doubt,  that,  in  the  same  manner  as 
its  nature  ?  *' 

a  ray  of  white  light  can  be  modified  and  divided,  so  a 
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ray  of  radiant  heat  can  be  separated  into  parts  possessing  qualities 
corresponding  to  the  various  colors. 

4561  By  means  of  a  convex  lens  called  a  "  burning-glass  "  (§  416), 
the  rays  of  heat  may  be  refracted    wu^^  1  *u. 
or  bent  from  their  original   direc-    action  of  a 
tion,  and    converged    to    a    point    burning- 
called  a  focus  (Fig.    182).       The    *^**"^ 
heat  at  the  focus  is  intense.     Thus,  with  a  lens 
three  feet  in  diameter,  with  a  focal  distance  of 
six  feet  eight  inches,  metals  were  melted  and  _. 

even  volatilized.     Gunpowder  has  been  ignited 
by  rays  of  heat  converged  to  a  focus  by  means  of  a  lens  of  ice. 


SECTION    III. 

THE  EFFECTS  OF   HEAT. 

457.  If  heat  be  applied  to  a  solid,  liquid,  or  gas,  it  divides  itself  into 
two  portions,  according  to  the  work  performed.     One 

portion  raises  the  temperature   of  the  body.     This  in-    ^j^^^  ^ieax. 

crease   in  temperature  is  sensible  to  the  thermometer,    perform 

and  is  called  Sensib/e  Heat     Another  portion  forces  the    when  applied 

-    ,      ,     ,    .  ...  to  a  solid  ? 

atoms  of  the  body  into  new  positions ;  and  this  portion, 

lost  as  heat,  but  transformed  into  mechanical  action,  is  known  as 

Latent  Heat. 

458.  Heat,  by  imparting  motion  to  the  atoms  of  a  body,  produces 
the  effects  of  expansion,  liquefaction,  and  vaporization. 

459.  The  form  of  all  bodies  appears  to  be  entirely 
dependent  on  heat;  by  its  increase  solids  is  the  form 

.i<.         t«       '  1  11*       •_]       of  all  bodies 

are    converted    into    liquids,    and   liquids  dependent 
into  vapor;  by  its  diminution  vapors  are  «ponheat? 
condensed  into  liquids,   and    these  in   turn   become 
solids. 

If  matter  ceased  to  be  influenced  by  heat,  all  liquids,  vapors,  and 
doubtless  even  gases,  would  become  permanently  solid,  and  all  motion 
on  the  surface  of  the  earth  would  be  arrested. 


252 


NATURAL    PHILOSOPHY. 


460.  The  expansion  occasioned  by  heat  is  greatest 
-     .  ^         in  those  bodies  which  are  the  least  influ- 

In  ivhat 

bodies  does     enccd  bv  the  attraction  of  cohesion.    Thus 

heat  produce  r         i-j       •  ^-       i 

the  greatest  the  cxpansion  of  soUds  IS  comparatively 
expansion  trifling,  that  of  liquids  much  greater,  and 
that  of  gases  very  considerable.  Expansion  is  noth- 
ing more  than  a  mechanical  effect,  which  forces  the 
atoms  apart. 

461.  The  expansion  of  the  same  body  will  con- 
Do  bodies  tinuc  to  incrcasc  with  the  quantity  of  heat 
continue  to  that  enters  it,  so  long  as  the  form  and 
long  as  heat    chcmical  Constitution  of  the  body  are  pre- 

entersthem?    ggj-ved. 

Superficial  expansion  of  a  solid*  is  twice  as  great,  and  cubical 
expansion  three  times  as  great,  as  the  linear  expansion. 

462.  Among  solids  the  metals  expand  the  most; 
but  an  iron  wire  increases  only  ^^^  in  bulk  when 
heated  from  32°  of  the  thermometer  up  to  212°. 

Solids  appear  to  expand  uniformly  from  the  freezing-point  of  water 

up  to  212°,  the  boiling-point  of 
water,  —  that  is  to  say,  the  increase 
of  volume  which  attends  each  de- 
gree of  temperature  which  the  body 
receives  is  equal.  When  solids  are 
elevated,  however,  to  temperatures 
above  212*^,  they  do  not  dilate  uni- 
formly, but  expand  in  an  increasing 
ratio. 

The  expansion  of  solids  by  heat 
is  clearly  shown  by  the  following 
experiment,  Fig.  183 :  m  represents 
a  ring  of  metal,  through  which,  at 
the  ordinary  temperature,  a  small  iron  or  copper  ball,  <z,  will  pass 
freely,  this  ball  being  a  little  less  than  the  diameter  of  the  ring.     If 


Fig.  183. 
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this  ball  be  now  heated  by  the  flame  of  an  alcohol-lamp,  it  will  become 
so  far  expanded  by  heat  as  no  longer  to  pass  through  the  ring. 

The  expansion  of  solids  by  heat  is  made  applicable  for  many  useful 
purposes  in  the  arts.    The  tires  of  wheels,  and  hoops    what  appli- 
surrounding   water-vats,  barrels,  &c.,   are  made   in  the   cations  of 
first  instance   somewhat   smaller  than  the  frame-work    *?*  expan- 
they  are  mtended  to  surround.    They  are  then  heated   by  i,eat  are 
red-hot,  and  put  on  in  an  expanded  condition ;  on  cool-    made  in  the 
ing  they  contract,  and  bind  together  the  several  parts    ■*^*'* 
with  a  greater  force  than  could  be  conveniently  applied  by  any  me- 
chanical  means.     In  like   manner,  in  Constructing  steam-boilers,  the 
rivets  are  fastened  while  hot,  in  order  that  they  may,  by  subsequent 
contraction,  fasten  the  plates  together  more  firmly. 

463.  The  force  with  which  bodies  expand  and  con- 
tract, under  the  influence  of  the  increase  withv«^hat 
or  diminution  of  heat,  is  apparently  irre-  for^^do 
sistible,  and  is  recognized  as  one   of   the  ^®**»"      ^ 

^  expand  and 

greatest  forces  in  nature.  contract? 

The  amount  of  force  with  which  a  solid  body  will  expand  or  con- 
tract is  equal  to  that  which  would  be  required  to  compress  it  through 
a  space  equal  to  its  expansion,  and  to  that  which  would  be  required  to 
stretch  it  through  a  space  equal  to  its  contraction.  An  iron  bar  one 
square  inch  in  section,  on  being  heated  from  32°  to  212*^  Fahrenheit, 
will  expand  with  a  force  of  35,847  pounds,  or  about  199  pounds  for 
each  degree  of  temperature. 

This  principle  is  sometimes  practically  applied  when  great  mechani- 
cal force  is  required  to  be  exerted  through  small  spaces.  Thus  walls 
of  buildings,  which  from  a  subsidence  of  the  foundation  or  an  unequal 
pressure,  have  been  thrown  out  of  their  perpendicular  position,  and 
are  in  danger  of  falling,  may  be  restored  in  the  following  manner :  A 
series  of  iron  rods  is  carried  across  the  building,  passing  through 
holes  in  the  walls,  and  secured  by  nuts  on  the  outside.  The  rods  are 
then  heated  by  lamps  until  they  expand,  thereby  causing  their  ends  to 
project  beyond  the  building.  The  nuts  with  which  these  extremities 
are  provided  are  then  screwed  up  until  they  are  in  close  contact  with 
the  outside  wall ;  the  lamps  are  then  withdrawn,  and  the  rods  allowed 
to  cool.  In  cooling  they  gradually  contract,  and  by  their  contraction 
draw  up  the  walls. 
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On  account  of  the  expansion  of  metal  by  heat,  the  successive  rails 
which  compose  a  line  of  railway  can  not  be  placed  end  to  end,  but  a 
small  space  is  left  between  their  extremities  for  expansion.  The  total 
change  in  length  from  winter  to  summer,  on  a  road  400  miles  long, 
would  be  1,288  feet. 

A  glass  or  earthen  vessel  is  liable  to  break  when  hot  water  is  poured 
into  it,  on  account  of  the  unequal  expansion  of  the  inner  and  outer 
surfaces.  Glass  and  earthenware  being  poor  conductors  of  heat,  the 
inner  surfaces  in  contact  with  the  hot  water  become  heated,  and  expand 
before  the  outer  are  affected  :  the  tendency  of  this  is  to  warp  or  bend 
the  sides  unequally;  and,  as  the  brittle  material  cannot  bend,  it  breaks. 

464.  Liquids  expand  through  the  agency  of  heat 
To  what  more  unequally,  and  to  a  much  greater 
extent  do        degree,  than  solids. 

liquids  ^ 

expand  A  column  of  watcr  contained  in  a  cylin- 

^  ***  drical  glass  vessel  will  expand  ^  in  length 

on  being  heated  from  the  freezing  to  the  boiling 
point;  while  a  column  of  iron,  with  the  same  increase 
of  temperature,  will  expand  only  ^^. 

A  familiar  illustration  of  the  expansion  of  water  by  heat  is  seen  in 
the  overflow  of  full  vessels  before  boiling  commences.  Different 
liquids  expand  very  unequally  with  an  equal  increase  in  temperature. 
Spirits  of  wine,  on  being  heated  from  32°  to  212°,  increase  ^  in  bulk; 
oil  expands  about  ^ ;  water,  as  before  stated,  about  -j^j.  A  person 
buying  oil,  molasses,  and  spirits  in  winter,  will  obtain  a  greater  weight 
of  the  same  material  in  the  same  measure  than  in  summer.  Twenty 
gallons  of  alcohol,  bought  in  January,  will,  with  the  ordinary  increase 
of  temperature,  become,  by  expansion,  twenty-one  gallons  in  July. 

465.  Water,  as  it  decreases  in  temperature  towards 
whatpecui-  ^^^  freezing  -  point,  exhibits  phenomena 
iarities  of       which  are  wholly  at  variance  with  the  gen- 

expansion  . 

does  water      eral  law  that  bodies  expand  by  heat,  and  con- 
tract by  cold  or  by  a  withdrawal  of  heat.* 

*  A  few  other  liquids  besides  water  expand  with  a  reduction  of  temperature.  Fused 
iron,  antimony,  zinc,  and  bismuth  are  examples  of  such  expansion,  a  circumstance 
which  renders  these  metals  eminently  fit  for  casting  in  molds.  Mercury  is  a  remarka- 
ble instance  of  the  reverse;  for,  when  it  freezes,  it  suffers  a  very  great  contraction. 
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As  the  temperature  of  water  is  lowered,  it  continues  to  contract 
until  it  arrives  at  a  temperature  of  39°  Fahrenheit,  when  all  further 
contraction  ceases.  The  volume  or  bulk  is  observed  to  remain  sta- 
tionary for  a  time ;  but  on  lowering  the  temperature  still  more,  instead 
of  contraction,  expansion  is  produced,  and  this  expansion  continues 
at  an  increasing  rate  until  the  water  is  congealed.  At  the  moment 
also  of  its  conversion  into  ice,,  it  undergoes  a  still  further  expansion. 

466.  Water  attains  its  greatest  density,  when  is 

or  the  greatest  quantity  is   contained  in  a  «^Vgreatest 

given  bulk,  at  a  temperature  of  39°  Fah-  <*«>*"*y  ? 
renheit. 

As  the  temperature  of  water  continues  to  decrease  below  39°,  the 
point  of  its  greatest  density,  its  particles,  from  their  expansion,  neces- 
sarily occupy  a  larger  space  than  those  which  possess  a  temperature 
somewhat  more  elevated.  The  coldest  water,  therefore,  being  lighter, 
rises  and  floats  upon  the  surface  of  the  warmer  water.  On  the 
approach  of  winter  this  phenomenon  actually  takes  place  in  our 
lakes,  ponds,  and  rivers.  When  the  surface-water  becomes  sufficiently 
chilled  to  assume  the  form  of  ice,  it  becomes  still  lighter,  and  continues 
to  float.  By  this  arrangement,  water  and  ice  being  almost  perfect  non- 
conductors of  heat,  the  great  mass  of  the  water  is  protected  from  the 
influence  of  cold,  and  prevented  from  becoming  chilled  throughout. 

If  water  constantly  grew  heavier  as  its  temperature  diminished  (as 
is  the  case  with  most  liquids),  the  colder  particles  at  the  surface  would 
constantly  sink,  until  the  whole  body  of  water  was  reduced  to  the 
freezing-point.  Again :  if  ice  was  not  lighter  than  water,  it  would  sink 
to  the  bottom ;  and,  by  the  continuance  of  this  operation,  a  river  or 
lake  would  soon  become  an  immense  solid  mass  of  ice,  which  the  heat 
of  summer  would  be  insufficient  to  dissolve.  The  temperate  regions 
of  the  earth  would  thus  be  rendered  uninhabitable.  Among  all  the 
phenomena  of  the  natural  world,  there  is  no  more  striking  illustration 
of  the  evidence  of  design,  on  the  part  of  the  Creator,  than  in  this 
wonderful  exception  to  a  great  general  law. 

The  expansion  of  water  at  the  moment  of  freezing  is  attributed  to 
a  new  and  peculiar  arrangement  of  its  particles.     Ice  is,    wvy  h^.- 
in  reality,  crystallized  water;  and  during  its  formation  the    water 
particles  arrange  themselves  in  ranks  and  lines  which    expand  in 
cross  each  other  at  angles  of  60^  and  120®,  and  conse-    '**'   ^ 
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quently  occupy  more  space  than  when  liquid.    This  may  be  seen  by 
examining  the  surface  of  water  in  a  saucer  while  freezing. 

A  beautiful  illustration  of  this  crystallization  of  water  in  freezing  is 
seen  in  the  frost>work  upon  windows  in  winter,  caused  by  the  congela- 
tion of  the  vapor  of  the  room  when  it  comes  in  contact  with  the  cold 
surface  of  the  glass.  All  these  frost-work  figures  are  limited  by  the 
laws  of  crystallization ;  and  the  lines  which  bound  them  form  among 
themselves  no  angles  but  those  of  30*^,  60°,  and  120^.  If  we  fracture 
thin  ice,  by  allowing  a  pole  or  weight  to  fall  upon  it,  the  fracture  will 
have  more  or  less  of  regularity,  being  generally  in  the  form  of  a  star, 
with  six  equidistant  radii,  or  angles  of  60^. 

467.  The  force  exerted  by  the  expansion  of  water  in  the  act  of 

freezing  is  very  great.    As  an  illustration,  the  following 

iorce  dote         experiment    may   be    quoted :     Cast-iron   bomb-shells, 

water  thirteen  inches  in  diameter  and  two  inches  thick,  were 

expand  in         filled  with  water,  and  their  apertures  or  fuse-holes  firmly 
freexiDff?  ,  ,.,.,,         rr,,  1      « 

plugged  with  iron  bolts.    Thus   prepared,  they  were 

exposed  to  the  severe  cold  of  a  Canadian  winter,  at  a  temperature  of 

^about  19°  below  zero.    At  the  moment  the  water  froze,  the  iron  plugs 

were  violently  thrust  out,  and  the  ice  protruded,  and  in  some  instances 

the  shells  burst  asunder,  thus  demonstrating  the  enormous  interior 

pressure  to  which  they  were  subjected  by  water  assuming  a  solid  state. 

The  rounded  and  weather-worn  appearance  of  rocks  is  mainly  due 
to  the  expansion  of  freezing  water,  which  penetrates  into  their  fissures, 
and  is  absorbed  into  their  pores  by  capillary  attraction.  In  freezing, 
it  expands  and  detaches  successive  fragments,  so  that  the  original 
sharp  and  abrupt  outline  is  gradually  rounded  and  softened  down. 

The  bursting  of  earthen  water-vessels  and  of  water-pipes,  by  the 
freezing  of  water  contained  in  them,  are  familiar  illustrations  of  the 
same  principle. 

By  allowing  the  water  to  run  in  a  service-pipe  we  prevent  its  freez- 
ing; because  the  motion  of  the  current  prevents  the  crystals  from 
forming,  and  attaching  themselves  to  the  sides  of  the  pipe. 

468.  The  ordinary  temperature  at  which  water  freezes  is  32®, 
At  what  tern-  Fahrenheit's  thermometer.  This  rule  applies  only  to 
perature  does  fresh  water :  salt  water  never  freezes  until  the  surface  is 
water  freeze?  cooled  down  to  27°,  or  five  degrees  lower  than  the  freez- 
ing-point of  water. 

Under  some  circumstances  pure  water  may  be  cooled  down  to  a 
temperature  much  below  32*^  without  freezing.    Thus,  if  pure,  recently- 
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boiled  water  be  cooled  very  slowly,  and  kept  very  tranquil,  its  temper- 
ature may  be  lowered  to  21°  without  the  formation  of  ice;  but  the 
least  motion  causes  it  to  congeal  suddenly,  and  its  temperature  rises 
to  32°. 

469.  The  ice  produced  by  the  freezing  of  sea  or  salt  water  is  gener- 
ally fresh  and  free  from  salt,  since  water  in  freezing,  if 
sufficient  freedom  of  motion  be  allowed  to  its  particles,    .      ^  J     *. 
expels  all   impurities  and  coloring  matters.     The   ice   bythefreez- 
formed  in  the   congelation  of  a  solution  of  indigo  is    ^°ff  ®^  •*!* 
colorless,  since  the  water  in  which  the  indigo  was  dis-   J^j^'^Ji^ 
solved  expels  the  blue  coloring  matter  in  freezing. 

Blocks  of  ice  are  generally  filled  with  minute   air-    ^ 
bubbles :   this  is  owing  to  the  fact  that  the  water  in    origin  of  the 
freezing  expels  the  air  contained  in  it,  and  many  of  the    minute  bub- 
liberated  bubbles  become  lodged  and  imbedded  in  the   "f***^  *° 
thickening  fluid. 


ice? 


470.  Gases  and  aeriform  substances  expand  ^^^ 
of  the  bulk  which  they  possess  at  32°  for  in  what 
every  desrree  of  heat  which  they  receive  ™«nn«'do 

J         ^  J  g^ases  expand 

above  that  point,  and  contract  in  the  same  by  heat? 
proportion  for  every  degree  of  heat  withdrawn  from 
them. 

Thus  491  cubic  inches  of  air  at  32^  would  so  expand  as  to  occupy 
an  inch  more  space  at  33° ;  and  by  the  addition  of  another  degree  of 
heat,  raising  its  temperature  to  34^,  it  would  occupy  an  additional  inch, 
and  so  on.  In  a  like  manner,  by  the  withdrawal  of  heat,  491  cubic 
inches  of  air  would  occupy  an  inch  less  space  at  31°  than  at  32° ;  two 
inches  less  at  30°,  and  so  on.  The  same  law  holds  good  for  all  other 
gases,  and  for  vapors  and  steam. 

Illustrations  of  the  expansion  of  air  by  heat  are  most  familiar.  If 
a  bladder  partially  filled  with  confined  air  be  laid  before  the  fire,  the 
air  contained  in  it  may  be  expanded  to  a  degree  sufficient  to  burst  the 
bladder.  Chestnuts  laid  upon  a  heated  surface  burst  with  a  loud 
report  on  account  of  the  expansion  of  the  air  within  their  shells. 
The  process  of  warming  and  ventilating  buildings  depends  entirely 
upon  the  application  of  this  principle  of  the  expansion  and  contrac- 
tion of  air  by  the  increase  and  diminution  of  heat. 
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471.  As  the  magnitude  of  every  body  changes 
How  may  with  the  heat  to  which  it  is  exposed,  and 
iion^andwn-  ^^  ^^^  samc  body,  when  subjected  to  calo- 
tractionof      rific   influences   under  the   same  circum- 

bodiesbe  111  .        , 

applied  to  Stances,  has  always  the  same  magnitude, 
mentor*"'*'  ^^e  cxpansions  and  contractions  which  are 
heat  ?  thg  constant  effects  of  heat  may  be  taken 

as  the  measure  of  the  cause  which  produced  them. 

472.  The  instruments  for  measuring  heat  are 
What  are  the  thcrmomctcrs  and  pyrometers.  The  for- 
instrumeDts    mcr  are  used  for  measuring  moderate  tem- 

f  or  measur-  ^  ,    , 

ing  heat         pcraturcs  ;  the  latter  for  determmmg  the 
more  elevated  degrees  of  heat. 

Liquids  are  better  adapted  than  either  solids  or  gases  for  measuring 
the  effects  of  heat  by  expansion  and  contraction :  since  in  solids  the 
direct  expansion  by  heat  is  so  small  as  to  be  seen  and  recognized  with 
difficulty ;  and  in  air  or  gases  it  is  too  extensive,  and  too  liable  to  be 
affected  by  variations  in  the  atmospheric  pressure.  From  both  of 
these  disadvantages  liquids  are  free. 

The  liquid  generally  used  in  the  construction  of  thermometers  is 
mercury,  or  quicksilver. 

Mercury  possesses  greater  advantages  for  this  purpose  than  any 

Why  is  other  liquid.     It  is,  in  the  first  place,  eminently  distin- 

mercury  guished  for  its  fluidity  at  all  ordinary  temperatures :  it 

especially         jg   jj^  addition,  the  only  body  in  a  liquid  state  whose 

adapted  for 

the  construe-    variations  in  volume,  or  magnitude,  through  a  consider- 

tion  of  ther-  able  range  of  temperature  are  exactly  uniform,  and  pro- 
mometers?  portional  with  every  increase  and  diminution  of  heat. 
Mercury,  moreover,  boils  at  a  higher  temperature  than  any  other 
liquid,  except  certain  oils;  and,  on  the  other  hand,  it  freezes  at  a 
lower  temperature  than  all  other  liquids,  except  some  of  the  most 
volatile.  Thus  a  mercurial  thermometer  will  have  a  wider  range  than 
any  other  liquid  thermometer.  It  is  also  attended  with  this  conven- 
ience, that  the  extent  of  temperature  included  between  melting  ice  and 
boiling  water  stands  at  a  considerable  distance  from  the  limits  of  its 
range,  or  its  freezing  and  boiling  points. 
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473.  The  mercurial  thermometer  consists  of  a  bulb  and  a  stem,  with 
a  capillary  bore.     The  bore  should  be  of  equable  diame-    Describe  a 
ter  throughout.     Through  an  opening  in  the  end  of  the    thcrmome- 
tube,  the  bulb  and  a  portion  of  the  stem  are  filled  with   **'* 
mercury,  which  is  afterwards  boiled,  so  as  to  expel  all  air  and  moist- 
ure, and  fill  the  tube  with  mercurial  vapor.     The  open  end  is  then 
closed ;  and,  on  cooling,  the  mercury  collects  in  the  bulb  and  lower 
part  of  the  tube,  leaving  a  vacuum  above.     In  this  condition  the  ther- 
mometer is  complete,  with  the  exception  of  graduation. 

474.  As  thermometers  are  constructed  Of  different  dimensions  and 
capacities,  it  is  necessary  to  have  some  fixed  rules  for    „ 
graduating  them,  in  order  that  they  may  always  indicate    thermome- 
the  same  temperature  under  the  same  circumstances,  as   te™  gradu- 
the  freezing-point  for  example.     To   accomplish    this    *  * 

end,  the  following  plan  has  been  adopted  :  The  thermometers  are  first 
immersed  in  melting  snow  or  ice.  The  mercury  will  be  observed  to 
stop  in  each  thermometer  at  a  certain  height :  these  heights  are  then 
marked  upon  the  tubes.  Now,  it  has  been  ascertained,  that,  at  what- 
ever time  and  place  the  instruments  may  be  afterward  immersed  in 
melting  snow  or  ice,  the  mercury  contained  in  them  will  always  fix 
itself  at  the  point  thus  marked.  This  point  is  called  the  freezing- 
point  of  water. 

Another  fixed  point  is  determined  by  immersing  the  instruments  in 
boiling  water.  It  has  been  found,  that  at  whatever  time  or  place  the 
instruments  are  immersed  in  pure  water,  when  boiling,  provided  the 
barometer  stands  at  the  height  of  thirty  incheSj  the  mercury  will 
always  rise  in  each  to  a  certain  height.  This  therefore  forms  another 
fixed  point  on  the  scale,  and  is  called  the  boiling-point. 

475.  Thus  far  all  thermometers  are  constructed  alike.     In  the  ther 
mometer  most  generally  used,  and  which  is  known  as 
Fahrenheit's,  the  interval   on  the   scale,  between   the    thermometer 
freezing  and  the  boiling  points,  is  divided  into  one  hun-    of  Fahren- 
dred  and  eighty  equal  parts.     This  division  is  similarly    *»*»*  gradu- 
continued  below  the  freezing-point  to  the  place  o,  called 

zero,  and  each  division  upward  from  that  is  marked  with  the  successive 
numbers,  i,  2,  3,  &c.  The  freezing-point  will  now  be  the  32d  division, 
and  the  boiling-point  will  be  the  212th  division.  These  divisions  are 
called  degrees;  and  the  boiling-point  will  therefore  be  212^,  and  the 
freezing-temperature  32°.  Fig.  184  represents  the  usual  form  of  the 
thermometer,  with  its  graduated  scale. 
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Thermometers  of  this  character  are  called  Fahrenhell's,  frcmi  a 
Dutch   philosophical-instrument    maker,   who    first   introduced    this 
method  of  graduation  in  Ihe  year  1724.* 

476.  In  addition  to  Fahrenheit's  Ihennometer,  two 
Wh««hBr  °^^^'^  ""^  ewensively  used,  which  are 
thermoniti-  known  as  Reaumur's,  and  the  Centigrade 
Ut>  bcBidei  thermometer,  or  thermometer  of  Celsius. 
m  Med  ?"'  ^"-  '^'"  °"'^  difference  between  these 
three  kinds  of  thennometers  is  the  differ- 
ence in  graduating  the  interval  between  the  freezing  and 
boiling  points  of  water.  Reaumur's  is  divided  into 
What  COD-  eighty  degrees,  the  Centigrade  into  one 
■tltutet  the  hundred,  and  Fahrenheit's  into  one  buo- 
diKereoce  i]fei]  ^^d  eiehtv.  According  to  Reaumtir, 
between  tbe         .,  .„       ji..,      .on 

different  water  freezes  at  0°,  and  boils  at  80° ;  ac- 

varietioof       cording  to  Fahrenheit,  it  freezes  at  31°, 
thether.  ^^  fj^jij  ^j  2130.    (he  last,  very  singu- 

larly, commences  counting,  not  at  tlie 
freezing-point,  but  32°  below  it ;  this  point  was  selected 
because  it  was  the  lowest  temperature  known  wheit  this 
thermometer  was  first  constructed. 

The  difference  between 
these  instruments  can  b 
easily  seen  by  reference  ti 
Fig.  185. 

In   England,   Holland, 
and  the  United  States,  the 
thermometer  most  gener- 
ally used  is  Fahrenheit's, 
Reaumur's  scale  is  used  in 
Germany,  and  the   Centi- 
grade in  France,  Sweden, 
and  some   other  parts   of 
■   Europe.    The  scale  of  the 
Fio  18,.        Centigrade  is  by  far  the 
simplest  and   most   rational  method  of 

graduation,  and  at  the  present  it  is  almost  universally  adopted  for 
scientific  purposes. 

tompuatun  ii  fDund  by  addbg  4;}*  to  Ihe  reading  at : 


HEAT.  261 

478.  Aa  the  tempentDTe  is  lowered,  tbe  mercuij  in  Fahrenheit's 
n  thennometer  gradually  sinks,  until  it  reaches  a  point  39° 
at  great  below  zero,  where  it  freezes.  Mercury,  therefore,  can 
IntcDilt)-  not  be  made  available  for  measuring  cold  of  a  greater 
ladlcBted?  intensity.  This  difficulty  is,  however,  obviated  by  using 
a  thermometer  filled  with  alcohol  colored  red,  as  this  fluid,  when  pure, 
never  freezes,  but  will  continue  to  sink  lower  and  lower  in  the  tube  as 
the  cold  increases.     Such  a  thennometer  is  called  a  spirit-thermometer. 

479.  IE  a  Fahrenheit's  thermometer  be  heated,  the  mercury  con- 
Hsw  1b  hat  t^""^  '"  ''  ^'"  "^^  'i^  ^^^  ^^^  "i^'''  i'  reaches  660°,  at 
ofereat  which  temperature  it  begins  to  boll.  A  slight  additional 
'"'""'i2]i  s  '"^'  forms  vapor  sufficient  to  burst  the  tube.  Mercury, 
"*"'  therefore,  can  not  be  used  to  measure  degrees  of  heat  of 
greater  intensity  than  660°  Fahrenheit.  Tetnperatures  greater  than 
this  are  determined  by  means  of  the  expansion  of  sulids ;  and  instru- 
ments founded  apon  this  principle  are  commotily  called  pyrometers. 


F(0    .36. 

n  of  the  pyrometer  is  represented  in  Fig.  18&  A 
Explain  iho  "^pfesents  a  metallic  bar,  fixed  at  one  end,  B,  but  left 
conEtnictlDD  free  at  the  other,  and  in  contact  with  the  end  of  a  pointer 
of  the  K,  moving  freely  over  a  graduated  scale.     If  the  bar  be 

pyroraetn.  )ijj,jd  by  the  flame  of  alcohol,  the  metal  expands,  and, 
pressing  upon  the  end  of  the  pointer,  moves  it  in  a  greater  or  less 
degree.  In  this  manner  the  effect  of  heat,  applied  for  a  given  length 
of  time  to  bars  of  different  metals,  having  the  same  length  and  diame- 
ter, may  be  determined. 

What  ii  an  *^'  *"  air-thermometer  consists  of  a  column  of  air 

■It-thet-  confined  in  a  glass  tube  over  colored  water.     Heat  en- 

mometer  t       pands  the  air,  and  increases  the  length  of  the  column 
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'  downward,  pushii^  the  water  before  ii :  cold  produces  a  contrary 
effect.  The  temperature  is  thus  indicated  by  the  height  at  which  the 
water  is  elevated  in  the  tube.  Fig.  187  represents  the  principle  of 
the  construction  of  the  air-thermometer. 

A  thermometer  does  not  infoim  us  how  much  heat  any  substance 
Doea  « iher-  contains,  but  it  merely  points 
moniKer  out    the    difference    in    the 

inlomi  us         temperature  of  two  or  more 
!)e«t  a  substances.     All  we  learn  by 

BubusDce         the  thetmomeier  is,  whether 
coDtaiDi  t         ,],j  temperature  of  one  body 
is  greater  or  less  than  that  of   another; 
and,  if  there  is  a  difference,  it  is  expressed 
numerically,  —  namely,  by  the  degrees  of 
the  Ihermomelei.     Il  must  be  remembered 
that  these  degrees  are  part  of  an  arbitrary  scale,  selected  for  conven- 
ience, without  any  reference  whatever  to  the  actual  quantity  of  heat 
present  in  bodies. 

481.  The  first  effect  produced  by  heat  upon  solids 
Afterthe  '^  expansion.  If  the  heat  be  augmented, 
T^Id'bv  '"'^^y  change  their  aggregate  state,  and 
heat,  wh«t  melt,  or  become  liquid.  Many  solids  be- 
is  nesi  come  soft  before  melting,  so  that  they  may 
oiMBtved.  ^g  moulded  and  welded;  for  instance, 
wax,  glass,  and  iron. 

482.  By  liquefaction  we  understand  the  conversion 
Whatu  of  a  solid  into  a  liquid  by  the  agency  of 
iiquefBction ?  jjgat,  as  solid  ice  is  converted  into  water 
by  the  heat  of  the  sun. 

Heat  is  supposed  lo  convert  a  solid  ii 
constituent  particles  asunder  to  such  an  exti 
sion  is  overcome  or  destroyed. 

483.  When  a  solid  is  immersed  in  a  liquid,  and 
What  it  gradually  disappears  in  it,  the  process  is 
aoiutioD  1        termed  solution,  and  not  liquefaction.     A 
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solution  IS  the  result  of  an  attraction  or  affinity 
between  a  solid  and  a  fluid ;  and  when  a  solid 
disappears  in  a  liquid,  if  the  compound  exhibits  per- 
fect transparency,  we  have  an  example  of  a  perfect 
solution. 

When  a  fluid  has  dissolved  as  much  of  a  solid  as  it  is  capable  of 
doing,  it  is  said  to  be  saturated :  or,  in  other  words,  the    ^jj^^  j,  ^ 
affinity  or  attraction  of  the  fluid  for  the  solid  continues    solution 
to  operate  to  a  certain  point,  where  it  is  overbalanced  by    **><*  **»  ^« 
the  cohesion  of  the  solid ;  it  then  ceases,  and  the  fluid  is 
said  to  be  saturated. 

A  solution  is  a  complete  union ;  a  mixture  is  a  mere  mechanical 
union  of  bodies. 

In  most  cases,  the  addition  of  heat  to  a  liquid  greatly    How  does  a 
increases  its  solvent  properties.     Hot  water  will  dissolve    solution 
much  more  sugar  than  cold  water ;  and  hot  water  will  also    ^  mixture  ? 
dissolve  many  things  which  cold  water  is  unable  to  alEfect. 

484.  If  heat  be  imparted  in  sufficient  quantity  to 
a  body  in  a  liquid  state,  it  will  pass  into 

a  state    of    vapor.      Thus   water,    being  vaporiaa- 
heated  sufficiently,  will  pass  into  the  form 
of  steam.     This  change  is  called  Vaporization. 

485.  If  a  body   in   a   state  of  vapor  lose  heat  in 
sufficient  quantity,  it  will  pass  into  a  liquid  what  is  con- 
state.    Thus,  if  a  certain  quantity  of  heat  <*«"»ation  ? 
be   abstracted   from   steam,    it   will    become   water. 
This  change  is  called  Condensation. 

The  change  from  a  state  of  vapor  to  a  liquid  is  termed  condensa- 
tion, because,  in  so  doing,  the  body  always  undergoes  a  very  consider- 
able diminution  of  volume,  and  therefore  becomes  condensed.  Most 
solids  become  liquefied  before  they  vaporize ;  but  some  pass  at  once, 
on  the  application  of  heat,  from  the  state  of  a  solid  to  that  of  a  vapor, 
without  assuming  the  liquid  condition. 


264  NATURAL   PHILOSOPHY. 

Is  any  486.  The  melting  of  a  solid,  or  its  con- 

temj^rauire  vcrsion  into  a  liquid,  only  occurs  when  the 

th2"orma*°'  ^^^'^  ^^  heated  up  to  a  certain  fixed  point ; 

tion  of  but  the  conversion  of  a  liquid  into  a  vapor 

vapors?  1-11 

takes  place  at  all  temperatures. 

If  in  a  hot  day  we  expose  a  vessel  filled  with  cold  water  to  the  open 
air,  we  find  that  the  quantity  of  water  rapidly  diminishes,  that  is,  it 
evaporates ;  which  means  that  it  is  converted  into  vapor,  and  diffused 
through  the  air. 

487.  The  vapor  of  water,  and  all  other  vapors  with 
a  very  few  exceptions,  are   invisible   and 

What  is  the  ^  . 

appearance  transparent.  The  water  which  has  become 
""  '*•""  diffused  through  the  air  by  evaporation, 
only  becomes  visible  when,  on  returning  to  its  fluid 
condition,  it  forms  mist,  cloud,  dew,  or  frost. 

Steam,  which  is  the  vapor  of  boiling  water,  is  invisible ;  but  when  it 
comes  in  contact  with  air,  which  is  cooler,  it  becomes  condensed  into 
small  drops,  and  is  thus  rendered  visible. 

The  proof  of  this  may  be  found  in  examining  the  steam  as  it  issues 
from  an  orifice,  or  the  spout  of  a  boiling  kettle :  for  a  short  space  next 
to  the  opening  no  steam  can  be  seen,  since  the  air  is  not  able  to  con- 
dense it ;  but  as  it  spreads,  and  comes  in  contact  with  a  larger  volume 
of  air,  the  invisible  vapor  becomes  condensed  into  drops,  and  is  thus 
rendered  visible. 

The  myriads  of  minute  globules  of  water  into  which  the  steam  is 
condensed  are  separately  invisible  to  the  naked  eye,  but  each  never- 
theless reflects  a  minute  ray  of  white  light.  The  multitude  of  these 
reflecting  points,  therefore,  make  the  space  through  which  they  are 
diffused  appear  like  a  cloudy  body,  more  or  less  white,  according  to 

their  abundance. 

it 

Is  a  boiling  The  surface  of  any  watery  liquid  whose  temperature 

temperature  is  about  twenty  degrees  warmer  than  any  superincum- 

for  the  *  ^"^  ^^^  rapidly  gives  off  true  steam.     It  is  not  neces- 

production  sary,  therefore,  for  the  production  of  steam,  that  water 

of  steam  ?  should  be  raised  to  the  boiling  temperature. 


HEAT.  265 

It  milsX  be  remembered  that  the  distinction  between  gases  and 
vapors  is  one  of  degree  only :  the  former  exist  at  ordinary  tempera- 
tures and  pressure,  while  heat  is  necessary  to  the  production  of  the 
latter. 

488.  Air  without  vapor  (theoretically  called  dry  air) 
is  not  known  to  exist   in   nature,  and  is  is  vapor 
probably  not  producible  by  art.  entinair? 

489.  Liquids  in  passing  into  vapors  occupy  a  much 
greater     space  ^^.,.,,,, 

than     the     sub-    relative  space 

^  occupied  by 

stances      irom    liquids  and 

which  they  are  ^*p°"^ 
produced.  Water,  in  pass- 
ing from  its  point  of  great- 
est density  into  steam,  ex- 
pands to  nearly  sixteen  hun- 
dred times  its  volume. 

Fig.  188  represents  the  compara- 

,  ,  ,  Fig.  188. 

tive  volume  of  water  and  steam. 

490.  Vapors  are  of  all  degrees  of  den-  is  the  den- 
sity.    The  vapor  of  water  may  be  as  thin  unfform?*"" 
as  air,  or  almost  as  dense  as  water. 

491.  Evaporation  takes  place  from  the  surfaces  of 
bodies  only,  and  is  influenced  in  a  great  whatcir- 
degree  by  the  temperature,  dryness,  still-  i^Xclrce*"" 
ness,  and  density  of  the  atmosphere.  evaporation? 

The  effect  of  temperature  in  promoting  evaporation  may  be  illus- 
trated by  placing  an  equal   quantity  of  water  in  two  „ 

f\ui^-  ij  J  How  does 

saucers,  one  of  which  is  placed  in  a  warm  and  dry,  and  temperature 

the  other  in  a  cold  and  damp,  situation.    The  former   influence 
will  be  quite  dry  before  the  latter  has  suffered  an  appre-   *v*PO'***o**  ^ 
ciable  diminution. 
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When  water  is  covered  by  a  stratum  of  dry  air,  the  evaporation  is 
rapid,  even  when  its  temperature  is  low;  whereas  it 
the  state  of      g^^^  ^^  ^^^  slowly  if  the  atmosphere  contains  much 
the  air  vapor,  even  though  the  air  be  very  warm. 

influence  Evaporation  is  far  slower  in  still  air  than  in  a  current 

evaporation  ? 

The  air  immediately  in  contact  with  the  water  soon  be- 
comes moist,  and  thus  a  check  is  put  to  evaporation.  But  if  the  air 
be  removed  by  wind  from  the  surface  of  the  water  as  soon  as  it  has 
become  charged  with  vapor,  and  its  place  supplied  with  fresh  air,  then 
the  evaporation  continues  on  without  interruption. 

Evaporation  is  by  no  means  confined  to  the  surface  of  liquids,  but 
takes  place  from  the  surface  of  the  soil,  and  from  all  animal  and  vege- 
table productions.  Evaporation  takes  place  to  a  very  considerable 
extent  from  the  surface  of  snow  and  ice,  even  when  the  temperature  of 
the  air  is  far  below  the  freezing-point. 

492.  A  very  singular  circumstance  is  connected  with  the  diffusion 

Whatsingu-    ^^  vapors  throughout  the  atmosphere;   viz.,  that  the 

lar  circum-       vapors  of  all  bodies  arise  into  any  space  filled  with  air, 

stance  is  j^  ^j^g  same  manner  as  if  air  were  not  present,  the  two 

connected 

with  the  fluids  seeming  to  be  independent  of  each  other. 

diffusion  of  Thus  as  much  vapor  of  water  can  be  forced  into  a 

vapors  ?  vessel  filled  with  air,  as  into  one  from  which  the  air  has 

been  exhausted. 

493.  When  a  drop  of  water  falls  upon  a  surface  highly  heated,  as 

of  metal,  it  will  be  observed  to  roll  along  the  surface 
phenomena  without  adhering,  or  immediately  passing  into  vapor, 
of  the  The  explanation  of  this  is,  that  the  drop  of  water  does 

"spheroidal     ^qj  Jjj  reality  touch  the  heated  surface,  but  is  buoyed  up 
liquids.  ^^^  supported  on  a  layer  of  vapor,  which  intervenes  be- 

tween the  bottom  of  the  drop  and  the  hot  surface.  This 
vapor  is  produced  by  the  heat  which  is  radiated  from  the  hot  sub- 
stance before  the  liquid  can  come  in  contact  with  it,  and,  being  con- 
stantly renewed,  continues  to  support  the  drop.  The  drop  generally 
rolls,  because  the  current  of  air  which  is  always  passing  over  a  heated 
surface  drives  it  forward.  The  drop  evaporates  slowly,  because  the 
layer  of  vapor  between  the  hot  surface  and  the  liquid  prevents  the 
rapid  transmission  of  heat.  The  liquid,  resting  upon  a  cushion  of 
steam  continually  evolved  from  its  lower  surface  by  heat,  assumes  a 
rounded  or  globular  shape,  as  the  result  of  the  gravity  of  its  particles 
toward  its  own  center. 


HEAT.  267 

The  designation  which  has  been  given  to  the  condition  which  water 
and  other  liquids  assume  when  dropped  upon  very  hot  surfaces  is  that 
of  the  "  spheroidal  state." 

If  the  surface  upon  which  the  liquid  rests  is  cooled  down  to  such 
an  extent  that  vapor  is  not  generated  rapidly,  and  in  sufficient  quantity 
to  support  the  drop,  it  will  come  in  contact  with  the  surface,  and  heat, 
being  communicated  by  conduction,  will  transform  it  instantly  into 
steam.  If  the  temperature  of  the  iron  is  not  elevated  sufficiently,  the 
moisture  wets  the  surface,  and  is  evaporated ;  but  at  a  higher  degree 
of  temperature  the  moisture  is  repelled. 

The  phenomenon  of  the  spheroidal  condition  of  water  furnishes  an 
explanation  of  the  feats  often  performed  by  jugglers,  of  plunging  the 
hands  with  impunity  into  molten  lead  or  iron.  The  hand  is  moistened ; 
and,  when  passed  into  the  liquid  metal,  the  moisture  is  vaporized,  and 
interposes  between  the  metal  and  the  skin  a  sheath  of  vapor.  In 
its  conversion  into  vapor,  the  moisture  absorbs  heat,  and  thus  still 
further  protects  the  skin. 

494.  When  a  liquid  is  heated  sufficiently  to  form 
steam,  the  production  of  vapor  takes  place  vvhat  is 
principally  at  that  part  where  the  heat  •Munition? 
enters ;  and  when  the  heating  takes  place,  not  from 
above,  but  from  the  bottom  and  sides,  the  steam,  as 
it  is  produced,  rises  in  bubbles  through  the  liquid, 
and  produces  the  phenomenon  of  boiling,  or  ebulli- 
tion. 

495.  The   temperature  at  which  vapor  rises  with 
sufficient  freedom  to  cause  the  phenome-  -vvhatis 
non   of    ebullition   is   called   the  boiling-  thebouing- 

point  ? 

pomt. 

496.  Different  liquids  boil   at   different  istheboii- 

rr^i  1      'I*  •    ^         r  ins^-pointin 

temperatures.      The    boihng-point    01    a  different 
liquid  is   therefore  one   of  its  distinctive  JJ^^^  ?****" 
characters. 

Thus  water,  under  ordinary  circumstances,  begins  to  boil  when  it  is 
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heated  up  to  212°  Fahrenheit;  alcohol  at  173°;  ether  at  96°;  sirup 
at  221°;  linseed-oil  at  597°. 

The  gentle  tremor  or  undulation  on  the  surface  of  water,  which 
What  is  precedes  boiling,  and  which  is  termed  "  simmering,**  is 

simmering  ?  owing  to  the  collapse  of  the  bubbles  of  steam,  as  they 
shoot  upward,  and  are  condensed  by  the  colder  water.  The  first  bub- 
bles which  form  are  not  steam,  but  air  which  the  heat  expels  from  the 
water.  As  the  temperature  of  the  whole  mass  of  the  water  increases, 
the  bubbles  are  no  longer  condensed  and  collapsed,  but  rise  through 
to  the  surface ;  and,  the  moment  that  this  takes  place,  boiling  com- 
mences. The  singing  of  a  tea-kettle  before  boiling  is  occasioned  by 
the  irregular  escape  of  the  air  and  steam  expelled  from  the  water 
through  the  spout  of  the  tea-kettle,  which  acts  in  the  manner  of  a 
wind-instrument  in  producing  a  sound. 

If  the  water  be  impure,  its  boiling-point  is  ordinarily  raised.  Thus 
a  saturated  solution  of  common  salt  boils  at  227°  Fahrenheit.  But,  if 
the  body  dissolved  be  more  volatile  than  water,  then  the  boiling-point 
is  lowered. 

497.  Liquids  in  general,  being  boiled  in  open  vessels,  are  subjected 

to  the  pressure  of  the  atmosphere.  The  tendency  of 
the  pressure  ^^'^  pressure  is  to  prevent  and  retard  the  particles  of 
of  the  atmos-  water  from  expanding  to  a  sufficient  extent  to  form 
phere  affect  steam.  Hence,  if  the  pressure  of  the  atmosphere  varies, 
of  liquids  ?  ^^  ^*  ^^^^  ^^  different  times  and  places,  or  if  it  be  in- 
creased or  diminished  by  artificial  means,  the  boiling- 
point  of  a  liquid  will  undergo  a  corresponding  change. 

498.  As  we  ascend  into  the  atmosphere  the  pressure  is  diminished, 

because  there  is  less  of  it  above  us :  it  therefore  follows 
How  may  ,  ,.rr  1    .  ,       •       »  1 

the  tempera-     ^"^*  water,  at  different  heights  m  the  atmosphere,  will 

ture  at  boil  at  different  temperatures ;  and  it  has  been  found  by 

which  water  observation,  that  an  elevation  of  550  feet  above  the  level 
boils  be  used 

for  determin-  o^  t^^  sea  causes  a  difference  of  one  degree  in  its  boil- 
ing eleva-  ing-point.  Hence  the  boiling-point  of  water  becomes  an 
**°°^  indication  of  the  height  of  any  station  above  the  sea- 

level,  or,  in  other  words,  an  indication  of  the  atmospheric  pressure ; 
and  thus,  by  means  of  a  kettle  of  boiling  water  and  a  thermometer, 
the  height  of  the  summit  of  any  mountain  may  be  ascertained  with  a 
great  degree  of  accuracy.  If  the  water  boils  at  211°  by  the  thermome- 
ter, the  height  of  the  place  is  550  feet ;  if  at  210°,  the  height  is  1,100 
feet ;  and  so  on,  it  being  only  necessary  to  multiply  550  by  the  number 
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of  degrees  on  the  thermometer  between  the  actual  boiling-point  and 
212°,  to  ascertain  the  elevation.  In  the  cily  of  Quito,  in  South 
America,  water  boils  at  194.2°  Fahrenheit;  its  height  above  the  sea- 
level  is  therefore  9,541  feet 

As  we  descend  into  mines,  the  pressure  of  the  atmosphere  is  in- 
creased, there  being  more  of  it  above  us  than  at  the  surface  of  the 
earth.  Water,  therefore,  must  be  heated  to  a  higher  temperature  be- 
fore it  will  boil ;  and  it  has  been  found  that  a  descent  of  550  feet,  as 
before,  makes  a  difference  of  one  degree. 

The  influence  of  pressure  on  the  boiling-point  of  a  liquid,  as  water, 
may  be  shown  by  boiling  it  in  a  flask  until  all  the  air  is  expelled,  and 
quickly  corking  it  tight. 
On  inverting  the  flask, 
the  space  above  the  wa- 
ter will  be  filled  with 
steam  J  but  there  will  be 
such  a  pressure  that  the 
water  will  no  longer  boil. 
On  pouring  over  the  flask 
some  cold  water,  a  part 
of  the  steam  will  be  con- 
densed, the  pressure  will 
be  reduced,  and  the  wa- 
ter will  begin  lo  boil 
again  (Fig.  189). 

In  a  vacuum  water 
win  begin  to  boil  at  ordi- 
nary temperatures. 

Several  beautiful  ap- 
plications in  the  arts  have 
been  made  of  the  princi- 
ple that  liquijs  boil  at  a  P^^ 
lower  temperature  when 
freed  from  the  pressure  of  the  atmosphere  than  in  the  open  ait. 

In  the  refining   of  sugar,  if  the  sirup  is  boiled  in  the  open  air, 
the   temperature  of  the  boiling  point  is  so  high   that    Ho„j,,ugnr 
portions  of  the  sugar  become  decomposed  by  the  excess    boiled  in  the 
of   heat   and  lost    or    injured ;    the    sirup    is    therefore    process  of 
boiled  in  close  vessels  from  which  the  air  has  been  pre- 
viously exhausted,   and   in  this  way  the  water  of  the  sirup  may  be 
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evaporaced  at  a  temperalure  so  low  as  to  prevent  all  injury  from 
heat 

For  cooking,  this  application  could  not  be  carried  out.  The  water 
might,  indeed,  be  made  to  boil  at  a  temperature  much  less  than  212", 
but  owing  to  its  diminished  heat  would  not  produce  the  desired  effect. 
On  the  other  hand,  when  water  is  heated  under  pressure,  as  for 
example  in  closed  vessels,  which  do  not  permit  the  vapor  generated  to 
escape,  it  may  be  raised  to  a  much  higher  temperature  than  sis'  Fah- 
renheit, without  boiling.  This  principle  is  employed  in  the  arts  in 
extracting  gelatine  from  bones,  where  a  very  high  temperature  is 
required. 

499,  DistiJlation  is  a  process  by  which  one  body  is 
wh.tudii-  separated  from  another  by  means  of  heat, 
tuiMioD }  jj^  cases  where  one  of  the  bodies  assumes 
the  form  of  vapor  at  a  lower  temperature  than  the 
other:  this  first  rises  in  the  form  of  vapor,  and  is 
received  and  condensed  in  a  separate  vessel. 

By  this  means  very  volatile  bodies  can  be  easily  separated  from  less 
volatile  on^s  ;  as  brandy  and  alcohol  from  the  less  volatile  water  which 
may  be  mixed  with  them.  Water  of  extreme  purity  can  also  be 
obtained  by  distillation,  because  the  non-volalite  and  earthy  substances 
contained  in  all  spring  waters  do  not  ascend  with  the  vapor,  but 
remain  behitid  in  the  vessel. 

Distillation  upon  a  small  scale  is  effected  by  means  of  a  peculiar, 
shaped  vessel,  called  a 
retort,  Fig.  190,  which 
is  half  filled  with  a 
volatile  liquid,  and 
heated ;  the  steam,  as 
ii  forma,  passes  through 
the  neck  of  the  retort 

into  a  vessel  filled  with 

cold  water,  and  is  then 

condensed. 

When  the  operation  of  distillation  is  conducted  on  an  extensive 

scale,  a  large  vessel  called  a  "still"  is  used;  and,  for  condensing  the 

vapor,  vats   are  constructed,  holding  serpentine  pipes,  or  "worms," 


which  present  ■  greater  conden^ng  surface  ihan  if  the  pipe  had  passed 
directly  through  the  vat.  To  keep  the  coil  of  pipe  cool,  the  vats  are 
kept  filled  with  cold  water.  In  Fig.  191,  the  copper  vessel  or  still,  A, 
to  contain,  the  liquid,  is  fixed  in  a  furnace.     Meat  being  applied,  the 


steam  rises  in  the  head,  B,  and  passes  through  the  wonn,  S,  which  is 
placed  in  a  vessel  of  water,  the  refrigerator.  The  vapor  thus  gene- 
rated ii  condensed  in  its  passage,  and  passes  out  as  a  liquid  by  the 
external  pipe  into  a  receiver,  D, 

The  difference  between  dr}'ing  by  heat  and  distillaiion  is,  that  in 
one  case  the  substance  vaporized,  being  o{  no  use,  is 
allowed  to  escape  or  become  dissipated  in  the  almos-   (Ufrennce 
phere;  while  in  the  other,  being  the  valuable  part,  it  is    between 
caught  and  condensed  into  the  liquid  fonn.    The  vapor    ?'^°' j*" 
arising  from  damp  linen,  if  cai^ht  and  condensed,  would   dlitlUatlon  ? 
be  distilled  water ;  Ihe  vapor  given  out  by  bread  while 
baking  would,  if  collected,  be  a  spirit  like  that  obtained  in  the  distil- 
lation of  grain. 

joo.  As  some  substances,  by  the  application  of  heat,   ivhat  li  lub- 
pa*s  directly  from  the  solid  condition  to  ihe  state  of   llmatlon? 
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vapor,  so  some  substances,  as  camphor,  sulphur,  arsenic,  &c.,  when 
vaporized  by  heat,  deposit  their  condensed  vapors  in  a  solid  form. 
This  process  is  termed  sublimation. 

What  501.  One  of  the   most  remarkable   cir- 

rcmarkabie     cumstances  which  accompany  the  phenom- 

circumstance  ^  ^       j  ^  ^        ^ 

attends  ena,  both  of  liquefaction  and  vaporization, 

and  vapori^     is  the  disappearance  of  the  heat  which  has 


zation  ? 


effected  the  change. 


Thus,  if  a  thermometer  be  applied  to  a  mass  of  snow,  or  ice  just 
How  mav  upon  the  point  of  melting,  it  will  be  found  to  stand  at 
this  principle  32°  Fahrenheit.  If  the  ice  be  placed  in  a  vessel  over  a 
be  illus-  fire,  and  the  temperature  tested  at  the  moment  it  has 

'*  entirely  melted,  the  water  produced  will  have  only  the 

temperature  of  32°,  the  same  as  that  of  the  original  ice.  Heat,  how- 
ever, during  the  whole  process  of  melting,  has  been  passing  rapidly 
into  the  vessel  from  the  fire ;  and  if  a  quantity  of  mercury,  or  a  solid 
of  the  same  size,  had  been  exposed  to  the  same  amount  of  heat,  it 
would  have  constantly  increased  in  temperature.  It  is  clear,  therefore, 
that  the  conversion  of  ice,  a  solid,  into  water,  a  liquid,  has  been  at- 
tended with  a  disappearance  of  heat. 

Again :  if  one  pound  of  water,  having  a  temperature  of  174°,  be 
mixed  with  one  pound  of  snow  at  32°,  we  shall  obtain  two  pounds  of 
water,  having  a  temperature  of  32°.  All  the  heat,  therefore,  which 
was  contained  in  the  hot  water,  is  no  longer  to  be  detected  by  the  ther- 
mometer, it  having  been  entirely  used  up  or  disposed  of  in  converting 
snow  at  32®  into  water  at  32°.  Such  disappearances  always  occur 
whenever  a  solid  is  converted  into  a  liquid. 

If,  however,  a  pound  of  water  at  32°,  instead  of  ice  at  the  same 
temperature,  be  mixed  with  a  pound  of  water  at  174°,  we  shall  obtain 
two  pounds  at  103°,  a  temperature  exactly  intermediate  between  the 
temperatures  of  the  components.  But  if  the  pound  at  32°  had  been 
solid,  instead  of  liquid,  then  the  mixture,  as  before  explained,  would 
have  had  a  temperature  of  32°.  It  is  evident,  therefore,  that  it  is  the 
process  of  liquefaction,  and  it  alone,  which  renders  latent  or  insen- 
sible all  that  heat  which  is  sensible  when  the  pound  of  water  at  32^ 
is  liquid. 

In  the  same  manner  heat  disappears  when  a  liquid  is  converted  into 
a  vapor.    The  absorption  of  heat,  in  this  instance,  may  be  easily  ren- 
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dered  perceptible  to  the  feelings  by  pouring  a  few  drops  of  some  liquid 

which  readily  evaporates,  such  as  ether,  alcohol,  &Cm    How  may 

upon  the  hand.    A  sensation  of  cold  is  immediately  ex-   the  absorp- 

perienced,  because  the  hand  is  deprived  of  heat,  which    **°°  °^  ^*** 

in  evapora- 

is  drawn  away  to  effect  the  evaporation  of  the  liquid,    tion  be  ren- 
On  the  same  principle,  inflammation  and  feverish  heat    dered  cvi- 
in  the  head  may  be  allayed  by  bathing  the  temples  with    ^*°* 
cologne-water,  alcohol,  vinegar,  &c. 

If  we  surround  the  bulb  of  a  thermometer  loosely  with  cotton,  and 
then  moisten  the  latter  with  ether,  the  thermometer  will  speedily  fall 
several  degrees. 

Water,  when  placed  in  a  vessel  over  a  fire,  gradually  attains  the 

boiling   temperature,  or   212° ;  but  afterward,  however 

much  we  may  increase  the  fire,  it  becomes  no  hotter,  all    vvatcr  impart 

the  heat  which  is  added  serving  only  to  convert  the  water    additional 

at  212°  from  a  liquid  condition  into  steam  or  vapor  at    heat  after 
^  boiling? 

212°. 

502.  It  we  immerse  a  thermometer  in  boiling  water,  it  stands  at 

212°;  if  we  place  it  in  steam  immediately  above  it,  it    „ 

indicates  the  same   temperature.     We   know,  however,    know  that 

that  steam  contains  more  heat  than  boiling  water,  be-   steam  at  axa* 

cause,  if  we  mix  an  ounce  of  water  at  212®  with  five  and    rf     ***' 

than  water 

a  half  ounces  of  water  at  32°,  we  obtam  six  and  a  half   at  the  same 
ounces  of  water  at  a  temperature  of  about  60° ;  but  if  we   tempera- 
mix  an  ounce  of  steam  at  212°  with  five  and  a  half     "'* 
ounces  of  water  at  32°,  we  obtain  six  and  a  half  ounces  of  water  at 
212°.    The  steam,  from  which  the  increased  heat  is  all  derived,  con- 
tains as  much  more  heat  than  the  ounce  of  water  at  the  same  tempera- 
ture as  would  be   necessary  to  raise  six  and  a  half  ounces  of  water 
from  the  temperature  of  60°  to  212°,  or  six  and  a  half  times  as  much 
heat  as  would  be  requisite  to  raise  one  ounce  of  water  through  about 
152°  of  temperature.    This  quantity  of  heat  will  therefore  be  found 
by  multiplying  152°  by  six  and  a  half,  which  will  give  a  product  of 
983°,  —  the  excess  of  heat  contained  in  an  ounce  of  steam  at  212*^,  over 
that  contained  in  an  ounce  of  boiling  water  at  the  same  temperature. 

The  absorption  of  heat  consequent  on  the  conversion  of  solids  into 
liquids  has  been  taken  advantage  of  in  the  arts  for  the    v^hat  are 
production  of  artificial  cold ;  and  the  compounds  of  dif-    freering- 
ferent  substances  which  are  made  for  this  purpose  are   "ni**"'^*  ? 
called  freezing-mixtures. 
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The  most  simple  freezing-mixture  is  snow  and  salt.    Salt  dissolved 

„,^    ^  in  water  would  occasion  a  reduction  of  temperature :  but 

Why  does 

the  mixture      when  the  chemical  relations  of  two  solids  are  such  that, 

of  snow  and  on  mixing,  both  are  rendered  liquid,  a  still  greater  de- 
salt produce  j.^^  q£  ^.^jj  jg  produced.  '  Such  a  relation  exists  between 
intense  cold  ?**,         ,  .  ,,,         ,,  , 

salt  and  snow,  or  ice,  and  therefore  the  latter  substances 

are  used  in  preference  to  water.  When  the  two  are  mixed,  the  salt 
causes  the  snow  to  melt  by  reason  of  its  attraction  for  water,  and  the 
water  formed  dissolves  the  salt ;  so  that  both  pass  from  the  solid  to 
the  liquid  condition.  If  the  operation  is  so  conducted  that  no  heat  is 
supplied  from  any  external  source,  it  follows  that  the  heat  .absorbed  in 
liquefaction  must  be  obtained  from  the  salt  and  snow  which  comprise 
the  mixture,  and  they  must  therefore  suffer  a  depression  of  tempera- 
ture proportional  to  the  heat  which  is  rendered  latent. 

In  this  way  a  degree  of  cold  equal  to  40°  below  the  freezing-point 
of  water  may  be  obtained.  The  application  of  this  experiment  to  the 
freezing  of  ice-creams  is  familiar  to  all. 

The  air  in  the  spring  of  the  year,  when  the  ice  and  snow  are  thaw- 
Whv  is  the  "^S'  ^^  always  peculiarly  cold  and  chilly.  This  is  due  to 
air  in  spring  the  constant  absorption  of  heat  from  the  air  by  the  ice 
cold  and  and  snow,  in  their  transition  from  a  solid  to  a  liquid 

">"»"  state. 

„,.      .  A  shower  of  rain  cools  the  air  in  summer,  because 

vvhy  does  a 

shower  in  ^^^  earth  and  the  air  both  part  with  their  heat  to  pro- 
summer  cool  mote  evaporation.  In  a  like  manner,  the  sprinkling  of 
the  air .  ^  j^^^  room  with  water  cools  it. 

The  draining  of  a  country  increases  its  warmth,  since, 
warmth  of*a  ^^  withdrawing  the  water,  evaporation  is  diminished, 
country  and  less  heat  is  subtracted  from  the  earth, 

promoted  by  xhe   danger   arising  from   wet  feet   and  clothes    is 

*  ^  ■  owing  to  the  absorption  of  heat  from  the  body  by  the 

evaporation  from  the  surfaces  of  the  wet  materials ;  the  temperature 
Why  do  wet    of  the   body  is   in  this  way  reduced  below  its  natural 

feet  or  standard,  and  the  proper  circulation  of  the  blood  inter- 

clothes  tend      ^^^^^ 

to  impair  the        ^ 

health  of  503.  The  absorption  of  heat  in  the  process  by  which 

the  body?         liquids   are  converted   into  vapor   will  explain  why  a 

vessel  containing  a  liquid,  that  is  constantly  exposed  to  the  action  of 

fire,  can  never  receive  such  a  degree  of  heat  as  would  destroy  it.    A 

tin  kettle  containing  water  may  be  exposed  to  the  action  of  the  most 
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fierce  furnace,  and  remain  uninjured;   but  if  it  be  exposed  without 
containing  water  to  the  most  moderate  fire,  it  will  soon    >vhy  it  not 
be  destroyed.    The  heat  which  the  fire  imparts  to  the    a  tin  vessel 
kettle  containing  water  is  immediately  absorbed  by  the   *=ontaining 
steam  into  which  the  water  is  converted.     So  long  as   exposed  to 
water  is  contained  in  the  vessel,  this  absorption  of  heat   the  fire 
will  continue;   but  if  any  part  of  the  vessel   not  con-    destroyed? 
taining  water  be  exposed  to  the  fire,  the  metal  will  be  fused,  and  the 
vessel  destroyed. 

504.  When  vapors  are   condensed   into  under  what 
liquids,  and  liquids  are  changed  into  solids,  stances  does 
the  latent  heat  contained  in  them  is  set  bVwme*"* 
free,  or  made  sensible.  sensible? 

If  water  be  taken  into  an  apartment  whose  temperature  is  several 
degrees  below  the  freezing-point,  and  allowed  to  congeal,  it  will  render 
the  room  sensibly  warmer.  It  is  therefore  in  accordance  with  this 
principle,  that  tubs  of  water  are  allowed  to  freeze  in  cellars,  in  order 
to  prevent  excessive  cold. 

In  the  winter,  the  weather  generally  moderates  on  the  fall  of  snow. 
Snow  is  frozen  water;  and  in  its  formation  heat  is  imparted  to  the 
atmosphere,  and  its  temperature  increased. 

Steam,  on  account  of  the  latent  heat  it  contains,  is    Why  is 
well  adapted  for  the  warming  of  buildings,  or  for  cook-    »*«*") 
ing.     In  passing   through   a   line   of  pipes,  or  through    adapted  for 
meat  and  vegetables,  it  is  condensed,  and  imparts  to  the    warminp 
adjoining  surfaces  nearly  1,000°  of  the  latent  heat  which    *****  cooking? 
it  contained  before  condensation. 

Steam  burns  much  more  severely  than  boiling  water,  for  the  reason 
that  the  heat  it  imparts  to  any  surface  upon  which  it  is  condensed  iB 
much  greater  than  that  of  boiling  water. 

505.  All  bodies  contain  more  or  less  of  heat;  but 
equal   weights    of    dissimilar    substances,   isthequan- 
having    the    same    sensible    temperature,  In  au  bodies 
contain  unequal  quantities  of  heat.  the  same? 

Thus,  if  we  place  a  pound  of  water  and  a  pound  of  mercury  over  a 
fire,  it  will  be  found  that  the  mercury  will  attain  to  any  given  tem- 
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perature  much  quicker  than  the  water.  Or  if  we  perforin  ihe  con- 
How  may  verse  of  this  experiment,  and  take  two  equal  quantities 
thli  be  dam-  of  mercury  and  water,  and,  having  heated  (hem  to  tbe 
onitrstcdP  ^^^  degree  of  temperature,  allow  them  to  cool  freely 
in  ihe  air,  it  nHIl  be  found  that  the  water  will  require  much  more  lime 
to  cool  down  10  a  common  temperature  than  the  mercury.  The  water 
obviously  contains  more  heat  at  the  elevated  temperature  than  Ihe 
mercury,  and  therefore  requires  a  longer  time  to  cool. 

506.  Dissimilar  sutistances  require,  respectively,  different  quantities 
WhM  U  the  °^  ^^'^  '°  '"^^  ^^"  '^"Jpefures  one  degree ;  and  tbe 
nieaoiDB  oi  quantity  of  heat  necessary  to  produce  (his  effect  upon  a 
the  term  body  is  termed  its  specific  heat.  In  like  manner  the 
tiMclHchsat?  „jjgj,(  ^hiji,  J  body  includes  under  a  given  volume  is 
termed  its  specific  gravity. 

There  are  several  different  ways  by  means  of  which  (he  specific 
heat  of  bodies  may  he  delennined. 

sr^.  o,„  ,».,hod,  .h.,„  i.  Fig.  ,^, 

heat  ofdif-  consists  m  mclosmg  equal  weights 
fereni  lub-  of  different  bodies  heated  10  the 
aKerTined?  *""^  temperature,  in  closed  cavi- 
ties in  a  block  of  ice,  and  meas- 
uring the  respective  quantities  of  water  which 
they  produce  by  melting  the  ice. 

The  same   result  may  also  be  obtained  by 

what  is  called  the  method  of  mixtures.    Thus, 

if  we  mix   one  pound  of  mercury  at  66°  with 

one  pound  of  water  at  32°,  the  common  tern- 

I   perature  will  be  330.    Here  the  mercury  loses 

.  33°,  and  the  water  gains  1°;  that  is  to  say,  the 

33°  of  the  mercury  only  elevates  the  water  1°, 

therefore  the  capacity  of  water  for  heat  is  33  times  that  of  mercury ; 

or,  if  we  call  the  capacity  or  specific  heat  of  water  i,  then  the  capacity 

or  specific  heat  of  mercury  will  be  ^,  or  .0303,* 

The  capacity  fur  heat  also  increases  with  the  temperature.  Thus  it 
requires  a  greater  amount  of  heat  to  elevate  the  temperature  of  plati- 
num from  21?"  to  Ji3°,  than  from  32"  lo  33°. 

507.  Water  has  a  great  capacity  for  heat.     In  hot  weather  it  absorbs 

*  The  following  table  givea  ihe  ipediic  heaL  of  nme  of  ibe  weU-known  lubltaims, 
Ae  ipeciEc  hem  of  water  being  sken  Bi  Ihe  unit :  Ice,o.iot;  ai1.c1.a3;;  iIuIiD-ivB; 
iiaB,ci.it4;  ulTtT,a^£:  folioAji;  lead,  0,031. 
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and  stores  up  immense  quantities  of  heat,  with  which  it  slowly  parts 

when  the  temperature  sinks.    In  this  way  it  acts  ais  a 

r  iL  *        J  ui     X  What  part 

reservoir  of  heat,  and  preserves  a  more  equable  tern-   ^loetthe 

perature  on  the  face  of  the  earth.*    In  their  passage    ocean  take 
from  warm  to  cold  regions,  ocean-currents  lose  less  heat   ***  equalising 
than  would  a  current  of  any  other  liquid.    With  an   turn? 
ocean  of  mercury,  the  fall  in  temperature  correspond- 
ing to  the  disengagement  of  a  like  quantity  of  heat  would  be  thirty- 
three  times  greater  than  with  our  ocean  of  water. 

508.  All  vapors  are  elastic,  like  air. 
The  tendency  of  vapors  to  expand  is  unlimited ; 
that  is   to   say,  the  smallest  quantity  of  „,^    ,    ^ 

•'  ^  '*  What  it  the 

vapor    will    diffuse  itself    through  every  ciaiticityof 
part  of  a  vacant  space,  be  its  size  what  ^•'***" 
it  may,  exercising  a  greater  or  less  degree  of  force 
against  any  obstacle  which  may  have  a  tendency  to 
restrain  it. 

The  force  with  which  a  vapor  expands  is  called  its 
elastic  force,  or  tension. 

The  elasticity  or  pressure  of  vapors  is  best  illustrated  in  the  case  of 
steam,  which  may  be  considered  as  the  type  of  all  vapors. 

When  a  quantity  of  pure  steam  is  confined  in  a  close  vessel,  its 
elastic  force  will  exert  on  every  part  of  the  interior 
of  the  vessel  a  certain  pressure  directed  outward,  hav-   manner  is  the 
ing  a  tendency  to  burst  the  vessel.  elastic  force 

When  steam  is  generated  in  an  open  vessel,  its  elastic   °'  ^^^^^ 

force  must  be  equal  to  the  elastic  force  or  pressure  of 

the  atmosphere ;  otherwise  the  pressure  of  the  air  would  prevent  it 

from  forming  and  rising.    Steam,  therefore,  produced  .     . 

from  boiling  water  at  212°  Fahrenheit,  is  capable  of   elastic  force 

exerting  a  pressure  of  fifteen  pounds  upon  every  square    of  steam 

inch  of  surface,  or  one  ton  on  every  square  foot,  a  force    fo*""®**  in  an 

open  vessel  ? 
equivalent  to  the  pressure  of  the  atmosphere. 

*  Water  on  the  surface  of  the  ocean  chilled  by  the  radiation  of  its  heat,  and  by  cold 
currents  of  air  from  the  land,  sinks  to  lower  depths.  Recent  observations  show  that 
in  the  depths  of  the  sea  the  water  is  at  or  nearly  approaching  to  the  freezing-point  of 
fresh  water. 
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If  water  be  boiled  under  a  diminished  ^pressure,  and  therefore  at  a 
lower  temperature,  the  steam  which  is  produced  from  it 
the  elastic        ^^^^  have  a  pressure  which  is  diminished  in  an  equal 
force  of  degree.     If,  on  the  contrary,  the  pressure  under  which 

steam  be  water  boils  be  increased,  the  boiling  temperature  of  the 

diminished?     water  and  the  pressure  of   the  steam  formed  will  be 
increased  in  a  like  proportion.     We  have,  therefore,  the 
following  rule :  — 

509.  Steam  raised  from  water,  boiling  under  any 
To  what  is  given  pressure,  has  an  elasticity  always 
force  of  **^  equal  to  the  pressure  under  which  the 
steam  water  boils. 

always 

***"  Steam  of  a  high  elastic  force  can  only  be  made  in 

close  vessels  or  boilers.     The   water  in   a  steam-boiler,  in  the  first 

instance,  boils  at  212®;  but  the  steam  thus  generated, 

steam  of  being  prevented  from  escaping,  presses  on  the  surface 

high  elastic      of  the  water  equally  as  on  the  surface  of  the  boiler,  and 

^^^^^  ?  *°*'       therefore  the  boiling-point  of  the  water  becomes  higher 

and  higher ;  or,  in  other  words,  the  water  has  to  grow 

constantly  hotter,  in  order  that  the  steam  may  form.    The  steam  thus 

formed  has  the  same  temperature  as  the  water  which  produces  it. 

The  temperature  of  the  water  in  working  steam-boilers  is  always 

■         .  much  greater  than  212°.     It  should  also  be  borne  in 

To  what  .    ,    f  ■  r       1  .  1  /■/-  • 

extent  can        nimd  that  water,  if  subjected  to  surficient  pressure,  can 

water  be  be  heated  to  any  extent  without  boiling.    There  is  no 

heated  under  jij^jit  jq  ^he  degree  to  which  water  may  be  heated,  pro- 
vided the  vessel  is  strong  enough  to  confine  the  vapor ; 
but  the  expansive  force  of  steam  is  so  enormous  under  these  circum- 
stances, as  to  overcome  the  greatest  resistance  which  has  ever  been 
exerted  upon  it. 

If  a  boiler,  containing  water  thus  overheated  many  degrees  beyond 
the  boiling-point,  be  suddenly  opened,  and  the  steam  allowed  to 
expand,  the  whole  water  is  immediately  blown  out  of  the 
extent  can        vessel  as  a  mist  by  the  steam  formed  at  the  same  in- 
steam  be  stant  throughout  every  part  of  the   mass.    To   use   a 

heated  under   common  expression,  "  the  water  flashes  into  steam." 
pressure  ? 

Steam,  like  water,  may  be  heated  to  any  extent  when 

confined  and  prevented  from  expanding  with  the  increase  of  tempera- 
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ture :  in  some  of  the  methods  lately  introduced  for  purifying  oils,  &c., 
the  temperature  of  the  steam,  before  its  application,  is  required  to 
be  sufficiently  elevated  to  enable  it  to  melt  lead. 

510.  Steam  which  has  been  heated  in  a  separate 
state   to   a  high   degree    of    temperature 

under  pressure  is  known  as  ''superheated  superheated 
steam."     In  this  condition  its  mechanical  "*•*"' 
and  chemical  powers  are  wonderfully  increased. 

511.  Steam  generated  by  water  boiling  at  a  very 
high  temperature  is  known  as  high-press- 
ure steam.     By  this  term  we  mean  steam  high  press- 
condensed  not  by  withdrawal  of  heat,  but  "*^*  *  ***" 
by  pressure,  just  as  high-pressure  air  is  merely  con- 
densed air.     To  obtain  a  double,  triple,  or   greater 
pressure  of  steam,  we  must   have  twice,  thrice,  or 
more  steam  under  the  same  volume. 

512.  It  is  an  established  fact,  that  the  heat  absorbed  by  vaporiza- 
tion is  always  less,  the  higher  the  temperature  at  which  this  vapori- 
zation takes  place ;  and  just  in  proportion  also  as  vapor  or  steam  indi- 
cates a  lower  temperature  by  the  thermometer,  it  contains  more  latent 
heat.  Thus,  if  water  boils  at  312^,  the  heat  absorbed  in  vaporization 
will  be  less  by  100°  than  if  it  boiled  at  212°.  And  again,  if  water  be 
boiled  under  a  diminished  pressure  at  112^,  the  heat  absorbed  in 
vaporization  will  be  100°  more  than  the  heat  absorbed  by  water  boiled 
at  212°. 

SECTION    IV. 

THE  STEAM-ENGINE. 

513.  The  Steam-engine  is  a  mechanical  contrivance 
by  which  coal,  wood,  or  other  fuel  is  ren-  ,„^    . 

^  What  is  a 

dered  capable   of  executing  any  kind   of  steam- 
labor.  "''"' 

In  a  steam-engine  heat,  derived  from  the  combustion  of  fuel  in  a 
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furnace,  is  transformed  into  mechanical  action  through  the  agency  of 
water  and  steam.  The  energy  originally  derived  from  the  sun,  and 
stored  up  in  the  fuel,  is  employed  to  do  work.  It  is  atomic  motion 
changed  into  motion  of  the  mass. 

A  greater  amount  of  heat  passes  into  an  engine  than  leaves  it ;  for 
a  portion  only  of  the  heat  is  transformed  into  mechanical  work.  It 
has  been  found  that  the  amount  of  heat  consumed  follows  accurately 
the  law  expressed  by  Joule*s  Equivalent. 

It  has  been-  found  by  experiment  that  the  greatest 
How  does  amount  of  force  which  a  man  can  exert  when  apply- 
^''^Mcom-  ^^^  ^^^  strength  to  the  best  advantage  through  the 
p«re  with  help  of  machinery,  is  equal  to  elevating  one  and  a  half 
the  force  millions  of  pounds  to  the  height  of  one  foot,  by  work- 

J*°?^*  ^"S  o"  *  treadmill   continuously   for  eight  hours.     A 

bustion  of  well-constructed  steam-engine  will  perform  the  same 
coal?  labor  with  an  expenditure  of  a  pound  and  a  half  of 

coal. 

The  average  power  of  an  able-bodied  man  during  his 
coal  is  equiv.  ^i^tive  life,  supposing  him  to  work  for  twenty  years  at 
alent  to  the  the  rate  of  eight  hours  per  day,  is  represented  by  an 
whole  active  equivalent  of  about  four  tons  of  coal,  since  the  con- 
^j^  p  sumption  of  that  amount  will  evolve  in  a  steam-engine 

fully  as  much  mechanical  force. 

514.  Steam  is  rendered  useful  for  mechanical  pur- 
How  is  poses,  simply  by  its   pressure,  or  elastic 

steam  made      force 
available  for 

mechanical  Steam  can  not,  like  wind  and  water,  be  made  to  act 

purposes  ?  . 

advantageously  by  its  impulse  in  the  open  air,  because 

the  momentum  of  so  light  a  fluid,  unless  generated  in  vast  quantities, 
would  be  inconsiderable.  The  first  attempts,  however,  to  employ 
steam  as  a  moving  power,  consisted  in  directing  a  current  of  steam 
from  the  mouth  of  a  tube  against  the  floats  or  vanes  of  a  revolving 
wheel. 

A  machine  of  this  kind,  invented  more  than  two  thousand  years 
ago  by  Hero  of  Alexandria,  is  represented  in  Fig.  193.  It  consists  of 
a  small  hollow  sphere,  furnished  with  arms  at  right  angles  to  its  axis, 
and  whose  ends  are  bent  in  opposite  directions.  The  sphere  is  sus- 
pended between  two  columns,  bent  and  pointed  at  their  extremities,  as 
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represented  in  the  figure :  one  of  these  is  hollow,  and  conveys  steam 
from  the  boiler  below,  into  the  sphere  ;  and  the  escape  of  the  vapor 
from  the  small  tubes,  by  the  re-action, 
produces  a  rotary  motion. 

In  order  to  render  the  pressure  of 
steam  practically  avail-    Torenderthe 

able  in  machinery,  it  is  preBima  of 

necessarythat  it  should   •te«m»i 
be    confined  within   : 


ivity   1 


obis  In 

■chiDBI 


i  or  dimin- 


tight,  a 

ed  that  its  dimensions  "' 
01  capacity  can  be  enlarge 
ished  without  impairing  its  tightness. 
When  the  steam  enters  such  a  ves 
sel,  its  elastic  force,  pressing  against 
some  movable  part,  causes  it  to  re- 
cede before  it ;  and  from  this  movable 
part  motion  is  communicated  to  ma- 


:tLcal     arrangement     by  ^^^ 

esult  is  accomplished  is  "'^ 

by  having   a    hollow  cylinder,   .\  B,  Fig.  19:1,  with  a 
movable  piston,  D,  accurately  fitted  to  its    ^^^^  ^^ 
cavity.    When  steam  under  pressure  in  a   these  con. 
boiler  is  admitted  into  the  cylinder  l>clow    dition* 
the  piston,  it  expands,  and,  acting   upon   '*'"''"' 
the  under  surface  of  the  pieton,  causes  it  to  rise,  lifting 
tlie  piston-rod  along  with  it.     TE  the  steam  be  then  con- 
densed, a  vacuum  Is  formed  beneath  the  piston.    The 
pressure  of  the  atmospliere  then,  acting  u|)on  the  other 
side  of  the  piston,  will  drive  it  down.    The  piston  may 
be  raised  anew  by  the  admission  of  more  steam,  to  be 
condensed  in  its  turn  ;  and  in  this  manner  the  alternate 
motion  may  be  continued  indefinitely.    The  alternating 
or  reciprocating  motion  of  the  piston  is  converted,  by 
means  of  a  [ever  and  cranlt  attached  to  the  top  of  the 
rotary  motion,  suitable  for  driving-wheels,  shafts, 


piston-rod, 

and  other  machinery. 

Such  an  arrangement  as  described 


lituted  ti 


first  practical 
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coddenilnt 


eteam^npne.  It  received  the  name  of  Ibe  atmospheric  engine,  frran 
the  fact  that  the  pressure  of  the  atmosphere  was  empl<q^  to  press 
down  the  piston  after  it  had  been  elevated  by  the  steanu 

515.  In  modem  engines,  the  pressure  of  the  atmosphere  is  not 
What  lithe  employed  to  drive  the  piston  down.  The  steam  is 
cQDitnicUoD  admitted  into  the  cylinder  above  the  piston,  at  the  same 
JT*  "J*"'        ''""'  ""' ''  ■*  condensed  or  withdrawn  from  t«low,  and 

exerts  its  expansive  force  in  (he  returning  as  well 
I  the   ascending  stroke.    This  results  in  a  great 
*^"'  increase  of  power. 

516.  The  practical  construction  of  the  piston  and  cylinder,  and  the 
Describe  the  *''Wg*'"*nt  "rf  connecting  pipes  by  which  steam  is 
conitnicuoo  admitted  alternately  above  and  below  the  piston,  is  fully 
of  the  pliiDD  shown  in  Fig.  195.  The  steam  passes  from  the  boiler 
•nd  cyLoder.  -^^^  ,^^  cylinder  by  means  of  the  pipe  M  and  the  valves 
A  and  B.    These  valves  are  opened  and  closed  by  the  rod  R.     In  the 

drawing  the  valve 
A   is   open,   and 

the  piston  down, 
while  the  steam 
below  the  piston 
is  passing  into  (he 
condenser  Ihrou^ 
the  valve  B  and 
the  pipe  N.  When 
the  piston  reaches 
1  lowest  point, 
the  position  of  the 
valves  will  be  re- 
versed, and  steam 
entering  beneath 
the   piston  will 

Fig.  .,s.  *'"■"  ''  "P- 

A  steanv<ngine 
of  this  character  Is  called  a  condensing  steam-englne,  because  the 
steim  which  has  been  employed  in  raising  or  depressing  the  piston 
is  condensed,  after  it  has  accomplished  its  object,  leaving  a  vacuum 
above  or  below  the  piston.  It  is  also  called  a  low-pressure  engine, 
because,  on  account  of  (be  vacuum  which  is  produced  alternately  above 
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and  below  the  piston,  the  steam,  in  acting,  does  not  expend  any  force 
in  overcoming  the  pressure  of  the  atmosphere.  Steam,  therefore, 
may  be  used  under  such  conditions  of  low  expansive  force,  or,  as  it  is 
technically  called,  of  "  low-pressure." 

517.  In  some  engines  the  apparatus  for  condensing  the  steam  alter- 
nately above  or  below  the  piston  is  dispensed  with,  and    what  is  a 
the  steam,  after  it  has  moved  the  piston  from  one  end  of   high-press- 
the  cylinder  to  the  other,  is  allowed  to  escape,  by  the    "'*  engine  ? 
opening  of  a  valve,  directly  into  the  air.    To  accomplish  this,  it  is  evi- 
dent that  the  steam  must  have  an  elastic  force  greater  than  the  press- 
ure of  the   atmosphere,  or  it  could  not  expand  and  drive  out  the 
waste  steam  on  the  other  side  of  the  piston,  in  opposition  to  the  press- 
ure of  the  air.     An  engine  of  this  character  is  accordingly  termed  a 
"  high-pressure  "  engine. 

High-pressure  engines  are  generally  worked  with  a  pressure  of  from 
fifty  to  sixty  pounds  per  square  inch  of  the  piston ;  of  this  pressure, 
at  least  fifteen  pounds  must  be  expended  in  overcoming  the  pressure 
of  the  atmosphere,  and  the  surplus  only  can  be  applied  to  drive 
machinery. 

One  of  the  most  familiar  examples  of  a  high-pressure  engine  is  the 
locomotive  used  on  railroads.  The  steam  which  has  been  employed 
in  forcing  the  piston  in  one  direction  is,  by  the  return  movement  of 
the  piston,  forced  out  of  the  cylinder  into  the  smoke-pipe,  and  escapes 
into  the  open  air  with  irregular  puffs. 

High-pressure  engines  are   generally  used  in  all  situations  where 

simplicity  and  lightness  are  required,  as  in  the  case  of    vvhat  arc 

the  locomotive ;  also  in  situations'  where  a  free  supply    the  advan- 

of  water  for  condensation  can  not  be  readily  obtained.    \*^**  *°** 

disadvan  - 
As  they  use  steam  at  a  much  higher  pressure  than  the    tages  of 

condensing  engines,  they  are  more  liable   to   accidents    high-press- 
arising  from  explosions.     High-pressure  engines  are  less    ^^^  engines  ? 
expensive  than  low-pressure,  since  all  the  apparatus  for  condensing 
the  steam  is  dispensed  with,  the  only  parts  necessary  being  the  boiler, 
cylinder,  piston,  and  valves. 

518.  It  is  not  necessary  in  the  steam-engine  that  the  steam  should 
flow  continuously  from  the  boiler  into  the  cylinder  during    ^-..      . 

the  whole  movement  of  the  piston,  but  it  may  be  cut  off    steam  said 
before  it  has  fully  completed  its  ascent  or  descent  in  the    to  be  used 
cylinder.    The  steam  already  in  the  cylinder  immediately    «*P*nsively  ? 
expands,  and  completes  the  movement  already  begun,  thus  saving  a 


nculatcd? 
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considerable  quantity  of  steam  at  each  movement.     Steam  emptoyed 

in  this  way  is  said  to  be  used  expansively. 

To  carry  out  this  plan  lo  the  best  advantage,  (he  expansive  force  of 
the  sleam  must  be  greatly  increased  by  working  it  under  a  high  pressnie. 
519.  In  many  engines  the  supply  of  steam  to  tlie  cylinder  is  regu- 
lated  by  an  apparatus  called  the  governor.     This  con- 
motion  of         sists,  as  is  represented  in  Fig.  196,  of  two  heavy  balls, 
Mcam-  E,  connected  by  jointed   rods,  with   a  revolving  axis, 

D.  When  the  axis  is  made  to  revolve  rapidly,  the 
centrifugal  force  tends  to  make  the  balls  diverge  or 
separate  from  one  another,  in  the  same  manner  as  the  two  legs  of  a 
tongs  will  fly  apart 
when  whirled  rcuitd 
by  the  top.  This  di- 
vergence draws  down 
the  jointed  rods ;  but 
a  slower  motion  of 
the  axis  causes  the 
balls,  on  tbe  contrary, 
t  o  approach  each 
other,  and  thus  push 
them    up.     These 

jointed  tods  in   turn 

P^^  raise  or  lower  the  end 

of   a   bar.  H,  which 

acts  as  a  lever,  and  moves  a  valve  which  increases  or  diminishes  the 

quantity  of  steam  admitted  from  the  boilers  into  the  cylinder,  thus 

preserving  the  motion  of  the  engine  uniform. 

In  stationary  engines,  also,  a  large  and  heavy  fly-wheel  is  often 
used,  which  by  its  momentum  causes  the  machinery  to  move  uninter- 
ruptedly, even  if  the  pressure  of  steam  be  less  at  one  point  than  at 
another. 

Fig.  197  illustrates  the  principal  parts  of  a  condensing  steam-<ngine 
and  its  mode  of  action. 

5^0.  Steam-boilers,  which,  although  necessary  to  the  generation  of 
the  power,  are  quite  independent  of  the  engine,  are  constructed  of 
thick  sheets  of  iron  or  copper,  strongly  riveted  together. 

The  essential  requisites  of  a  steam-boiler  are,  that  it  should  possess 
sufficient  strength  10  resist  the  greatest  pressure  which  is  ever  liable 
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to  occur  from  the  expatiaion  of  the  steam,  and  that  it  should  offer  a 

sufficient  extent  of  surface  to  the  fire  to  insure  the  requi- 

site  amount  of  vaporization.     In  common  low-pressure    ^yit  esionllal 

boilers,  it  requires  about  eight  square  feet  of  surface  of    requiiita  af 

the  boiler  to  be  exposed  lo  the  action  of  the  fire  and    '  Bteaoi- 

llame,  to  boil  off  a  cubic  foot  of  water  in  an  hour ;  and     "'  " ' 

a  cubic  foot  of  water,  in  its  conversion  into  sieam,  equals  one  horse- 


Flo,  197- 

The  strongest  form  for  a  boiler,  and  one  of  the  earliest  which  was 
lued,  is  that  1^  a  sphere ;  but  this  form  is  the  one  which  offers  least 
wicface  to  the  fire.  The  figure  of  a  cylinder  is  on  many  accounts  the 
best,  and  is  now  extensively  used,  especially  for  enpnes  of  high  press- 
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ure.  It  has  the  advantage  of  being  easily  constructed  from  sheets  of 
metal,  and  the  form  is  of  equal  strength  except  at  the  ends.  In  such  a 
boiler,  the  ends  should  be  made  thicker  than  the  other  parts. 

5^1.  A  very  great  improvement  was  effected 
^    ..rr:  Wh.ll,»,     talh=«.™i,uc.iono!.».,„-bo[l- 

9    'C^^  conslniction     ers,  by  placing  a  cylindrical  fur- 

"        ^\  of  ■  flue-  nace  vfithin  a  cyliiidrica!   boiler, 

thus  surrounding  the  heated  sur- 
faces with  water  upon  all  sides.  By  this 
method  all  the  heat,  except  what  escapes  up 
the  ch  mney,  is  communicated  to  the  water, 
buch  bo  lers  aie  known  as  "  flue-boilers."  Their 
general  form  and  plan 

5ZZ.  The  requirements  of  a  boiler  suitable  for  a 

the' greatest  possible  quantity  of  water  should  be  evapo- 

the  peculiar,     rated  with  (he  greatest  rapidity  In  the  least  possible  space. 

itle*  ol  >  The  quantity  of  fuel  consumed  is  a  secondary  considera- 

loeomotive-      ,jqj,^  ^^  ^^^^  ^^J^  ^  carried  in  a  separate  vehicle.    The 
principle  by  which  this  has  been  accomplished,  and  the 

invention  of  which  may  be  said  to  have  made  the  present  railway- 
system,  consists  in  carrying 
the  hot  product  of  the  tire 
through  the  water  in  numer- 
ous small  parallel  flues  or 
tubes,  thus  dividing  the  heat- 
filtering  it  through  the  water 
to  be  heated.  In  this  man- 
ner the  surfaces  by  which 
the    water    and    the   heating 

mensely  increased ;  the  whole 
having  a  resemblance  to  ihe 
mechanism  of  the  lungs  of 
animals,  in  which  the  air  and 
the  blood  are  divided,  and 
presented  to  each  other  at  as 
many  points,  and  with  as  tittle  intervening  matter  between  them,  as  is 
consistent  with  their  separation.    Fig.  199  represents  the  interior  of  the 
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fire>box  of  a  locomotive,  showing  the  opening  of  the  tubes,  which 
extend  through  the  whole  length  of  the  boiler,  and  are  surrounded 
with  water.  The  smoke  and  other  products  of  combustion  pass 
through  these  tubes,  and  finally  escape  up  the  smoke-pipe.  It  will  be 
further  observed  by  the  examination  of  the  figure,  that  the  fire-box  is 
double-walled,  or  rather  walled  and  roofed  with  a  layer  of  water,  leav- 
ing only  the  bottom  vacant,  which  receives  the  grate-bars. 

523.  The  safety-valve  is  generally  a  conical  lid  fitted  into  the  boiler, 
and     opening    Describe  the 
outward.       It    •afety-valve. 

is  kept  down  by  a  weight, 
acting  on  the  end  of  a  lever, 
equal  to  the  pressure  which  „ 

the  boiler  is  capable  of  sus- 
taining without  danger  from  the  steam  generated  within.  If  the 
amount  of  steam  at  any  time  exceeds  the  pressure,  it  overcomes  the 
resistance  of  the  weight,  lifts  the  valve,  and  allows  the  steam  to  escape. 
When  sufficient  steam  has  escaped  to  diminish  the  pressure,  the  valve 
falls  back  into  its  place,  and  the  boiler  is  as  tight  as  if  it  had  no  such 
opening. 

Fig.  200  represents  the  ordinary  construction  of  the  safety-valve. 

524.  The  explosion  of  steam-boilers,  when  the  safety-valve  is  in 
good  condition  and  working-order,  is  sometimes  inex^ 

plicable ;  but  explosions  often  result  from  the  engineer    diminution 
allowing  the  water  -to  become  too  low  in  the  boilers,    of  water  in 
When  this  occurs,  the  parts  of  the  boiler  which  are  not    hoilers  often 
covered  with  water,  and  are  exposed  to  the  fire,  become    explosions  ? 
highly  overheated.    If,  in  this  condition,  a  fresh  supply 
of  water  is  thrown  into  the  boiler,  it  comes  suddenly  into  contact  with 
an  intensely-heated  metal  surface,  and  an  immense  amount  of  steam, 
having  great  elastic  force,  is  at  once  generated.     In  this  case  the 
boiler  may  burst  before  the  inertia  of  the  safety-valve  is  overcome,  and 
the  stronger  the  boiler  the  greater  the  explosion. 

525.  The  degree  of  pressure  which  the  steam  exerts  upon  the 
interior  of  the  boiler,  and  which  is  consequently  availa-   what  is 

ble  for  working  the  engine,  is  indicated  by  means  of  an    a  steam- 
instrument  called  the  "  steam  "  or  "  barometer  gauge."   K*"«*  ^ 
It  consists  simply  of  a  bent  tube,  A  C  D  £,  Fig.  201,  fitted  into  the 
boiler  at  one  end,  and  open  to  the  air  at  the  other.    The  lower  part 
of  the  bend  of  the  tube  contains  mercury,  which,  when  the  pressure  of 
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Fig.  20T. 


steam  in  the  boiler  is  equal  to  that  of  the  external  atmosphere,  will 
stand  at  the  same  level,  H  R,  in  both  legs  of  the  tube.    When  the 

pressure  of  the  steam  is  greater  than 
that  of  the  atmosphere,  the  mercury  is 
depressed  in  the  leg  C  D,  and  elevated 
in  the  leg  D  £.  A  scale,  G,  is  attached 
to  the  long  arm  of  the  tube ;  and,  by 
observing  the  difference  of  the  levels 
of  the  mercury  in  the  two  tubes,  the 
pressure  of  the  steam  may  be  calcu- 
lated. Thus,  when  the  mercury  is  at 
the  same  level  in\both  legs,  the  press- 
ure of  the  steam  balances  the  pressure 
of  the  atmosphere,  and  is  therefore  fif- 
teen pounds  per  square  inch.  If  the 
mercury  stands  thirty  inches  higher  in 
the  long  arm  of  the  tube,  then  the  press- 
ure of  the  steam  is  equal  to  that  of  two  atmospheres,  or  is  thirty 
pounds  to  the  square  inch,  and  so  on. 

As  the  pressure  of  steam  increases  with  its  temperature,  the  press- 
ure upon  the  interior  of  the  boiler  may  also  be  known 
by  means  of  a  thermometer  inserted   into  the   boiler. 
Thus  it  has  been  ascertained  that  steam  at  212^  balances 
the  atmosphere,  or  exerts  a  pressure  of  1 5  pounds  per 
square  inch;  at  250°,  30  pounds ;>at  275^,45  pounds; 
at  294^,  60  pounds,  and  so  on. 
526.  The  steam-whistle  attached  to  locomotive  and  other  engines  is. 
Describe  the     produced  by  causing  the  steam  to  issue  from  a  narrow 
steam-  circular  slit,  or  aperture,  cut  in  the  rim  of  a  metal  cup ; 

whistle.  directly  over  this  is  suspended  a  bell  formed  like  the 

bell  of  a  clock.  The  steam,  escaping  from  the  narrow  aperture,  strikes 
upon  the  edge  or  rim  of  the  bell,  and  thus  produces  an  exceedingly 
sharp  and  piercing  sound.  The  size  of  the  concentric  part  whence  the 
steam  escapes,  and  the  depth  of  the  bell  part,  and  their  distance 
asunder,  regulate  the  tones  of  the  whistle  from  a  shrill  treble  to  a  deep 
bass. 


How  can  the 
pressure  of 
steam  be 
indicated  by 
a  thermom- 
eter? 


.    CHAPTER   XII. 

METEOROLOGY. 

527.  Meteorology  is  that  department  of  physical 
science  which  treats   of  the  atmosphere  ^f^Yk^xi% 
and    its    phenomena,   particularly  in    its  meteor- 
relation  to  heat  and  moisture. 

528.  By  climate  we  mean  the  condition  of  a  place 
in  relation  to  the  various  phenomena  of  what  do  we 
the  atmosphere,  as  temperature,  moisture,  JJt^ra 
&c.     Thus  we  speak  of  a  warm  or  cold  c""«*«? 
climate,  a  moist  or  dry  climate,  &c. 

529.  The  mean  or  average  temperature  of  the  day 
is  found  by  observing  the  thermometer  at  How  is  the 
fixed  intervals  of  time  during  the  twenty-  perafurVora 
four  hours,  and  then  dividing  the  sum  of  ^^y^^^^^ 
the  temperatures  by  the  number  of  observations. 

From  such  a  series  of  observations  it  has  been  found  At  what  time 

that  the  lowest  temperature  of  the  day  occurs  shortly  **^**«*«">- 

before  sunrise,  and  the  highest  about  two  o'clock  in  the  the  day  the 

afternoon;  somewhat  later  in  summer,  and  somewhat  highest  and 

earlier  in  winter.  lowest  ? 

The  mean   annual  temperature  of  any  particular 

location  is  found  by  takiirg  the  average  of  all  the 

mean  daily  temperatures  throughout  the  year. 

289 
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The  mean  daily  temperature  of  any  place  seems  to  vary  in  a  regular 
and  constant  manner,  while  the  mean  annual  temperature  of  the  same 
location  is  very  nearly  a  constant  quantity.  Thus,  by  long  observa- 
tions made  in  Philadelphia,  it  has  been  found  that  the  mean  daily  tem- 
perature of  that  locality  is  one  degree  less  than  the  temperature  at 
nine  o'clock  a.m.  at  the  same  place ;  while  the  mean  annual  tempera- 
ture of  Paris  varied  only  four  degrees  in  thirteen  years. 

All  the  results  of  observation  seem  to  show  that  the  same  quantity 
of  heat  is  always  annually  distributed  oyer  the  eartb's  surface,  although 
unequally,  —  that  is  to  say,  the  average  annual  temperature  of  each 
place  upon  the  earth's  surface  is  very^nearly^the  same.  In  our  lati- 
tude, July  is  on  the  average  the  hottest  month,  and  January  the  cold- 
est; and,  in  reference  to  particular  days,  we  may  on  an'  average  con- 
sider the  26th  of  July  as  the  hottest,  and  the  14th  of  January  as  the 
coldest,  day  of  the  year,  for  the  temperate  zone  of  the  northern  henii- 
sphere. 

The  average  annual  temperature  of  the  atmos- 
How  does  phere  diminishes  from  the  equator  toward 
lll^^wT'"    either  pole. 

At  the  equator  in  Brazil,  the  average  annual  temper- 
ature is  84^  Fahrenheit's  thermometer ;  at  Calcutta,  lat.  22^  35'  N.,  the 
annual  temperature  is  78^  F. ;  at  Savannah,  lat  32^  5'  N.,  the  annual 
temperature  is  65®  F. ;  at  London,  lat.  51®  31'  N.,  the  annual  temper- 
ature is  47^  F. ;  at  Melville  Island,  lat.  74^  47'  N.,  the  average  annua! 
temperature  is  i**  below  zero. 

If  the  whole  surface  of  the  earth  were  covered  by  water,  or  if  it 
Why  it  not  were  all  formed  of  solid  plane  land,  possessing  every- 
the  temper-  where  the  same  character,  and  having  an  equal  capacity 
ature  of  all  ^^  j^jj  places  for  absorbing  and  again  radiating  heat, 
inr  the  tame  *^^  temperature  of  a  place  would  depend  only  on  its 
latitude  geographical  latitude,  and  consequently  all  places  hav- 

■^•'  ing  the  same  latitude  would  have  a  like  climate.    Owing, 

however,  to  various  disturbing  causes,  such  as  the  elevation  and  form 
of  the  land,  the  proximity  of  the  sea,  the  direction  of  the  winds,  &c., 
places  of  the  same  latitude,  and  comparatively  near  each  other,  have 
very  different  temperatures. 

.  In  warm  climates  the  proximity  of  the  sea  tends  to  diminish  the 
heat;  in  cold  climates,  to  mitigate  the  cold.    Islands  and  peninsulas 


METEOROLOGY.  29I 

are  warmer  than  continents ;  bays  and  inland  seas  also  tend  to  raise 
the  mean  temperature.  Chains  of  mountains  which  ward  off  cold 
winds  augment  the  temperature ;  but  mountains  which  ward  off  south 
and  west  winds  lower  it.  A  sandy  soil,  which  is  dry,  is  warmer  than 
a  marshy  soil,  which  is  wet  and  subject  to  great  evaporation. 

530.  Air  absorbs   moisture   at    all   temperatures, 
and  retains  it  in  an  invisible  state.     This  what  is  the 
power  of  the  air  is  termed  its  capacity  for  atr'^for ^  °' 
absorption.  moisture? 

The  capacity  of  air  for  moisture  increases  with  the 
temperature. 

A  volume  of  air  at  32°  can  absorb  an  amount  of  moisture  equal  to 
the  hundred  and  sixtieth  part  of  its  own  weight ;  and,  for  every  twen- 
ty-seven additional  degrees  of  heat,  the  quantity  of  moisture  it  can 
absorb  at  32°  is  doubled.  Thus  a  body  of  air  at  32°  Fahrenheit, 
absorbs  the  i6oth  part  of  its  own  weight;  at  59°  F.,  the  80th;  at 
86°  F.,  the  40th;  at  113°  F.,  the  20th  part  of  its  own  weight  in  moist- 
ure. It  follows  from  this,  that,  while  the  temperature  of  the  air 
advances  in  an  arithmetical  series,  its  capacity  for  moisture  is  accele- 
rated in  a  geometrical  series. 

Air  is  said  to  be  saturated  with  moisture  when  it 
contains  as  much  of  the  vapor  of  water  as  ,„^    .    , 

^  When  It  air  . 

it  is  capable  of  holding  with  a  given  tem-  said  to  be 

saturated? 

perature. 

We  say  that  air  is  dry  when  water  evaporates  quickly,  or  any  wetted 
surface  dries  rapidly ;  and  that  it  is  damp  when  moistened  surfaces 
dry  slowly,  or  not  at  all,  and  the  slightest  diminution  of  temperature 
occasions  a  deposit  of  moisture  in  the  form  of  mist  and  rain.  These 
expressions  do  not,  however,  convey  altogether  a  correct  idea  of  the 
condition  of  the  atmosphere,  since  air  which  we  term  "  dry  "  may  con-- 
tain  much  more  moisture  than  that  which  we  distinguish  as  "  damp." 
For  indicating  the  true  condition  of  the  atmosphere  in  reference  :to 
moisture,  we  therefore  use  the  terms  "  absolute "  and  "  relative 
humidity. 


»♦ 
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When  we  speak  of  the  absolute  humidity  of  the  air,  we  have  refer- 

....      .  ence  to  the  quantity  of  moisture  contained  in  a  given 

meant  by  volume.     By  relative  humidity,  we  refer  to  its  proximity 

absolute  and    to  saturation.     Relative  humidity  is  a  state  dependent 

f®  Vj.t  ,  upon  the  mutual  influence  of  absolute  humidity  and 
humidity?  *'  r  •  ,  r     •  u  j     * 

temperature ;  for  a  given  volume  of  air  may  be  made  to 

pass  from  a  state  of  dampness  to  one  of  extreme  dryness,  by  merely 
elevating  its  temperature,  and  this,  too,  without  altering  the  amount  of 
moisture  it  contains  in  the  least  degree. 

The  aqueous  vapor  obstructs  the  radiation  of  heat  from  the  earth's 
surface.  If  the  earth's  radiation  of  heat  were  unchecked,  in  one  sum- 
mer's night  every  plant  capable  of  being  destroyed  by  cold  would 
perish.  The  aqueous  vapor  prevents  the  escape  of  heat  from  the 
earth,  and,  by  acting  as  a  blanket,  moderates  the  climate. 

531.  Instruments  designed  for  measuring  the  quan- 
whatare  tity  of  moisture  contained  in  the  atmos- 
eters?  "        phere  are  called  Hygromeiers.^ 

Many  organic  bodies  have  the  property  of  absorbing  vapor,  and 
Uoon  what  ^^^^  increasing  their  dimensions.  Among  such  may  be 
principle  are  mentioned  hair,  wood,  whalebone,  ivor}',  &c.  Any  of 
hygrometers  these,  connected  with  a  mechanical  arrangement  by 
cons  rue  e  ^hich  the  change  in  volume  might  be  registered,  would 
furnish  a  hygrometer. 

A  large  sponge,  if  dipped  in  a  solution  of  salt,  potash,  soda,  or  any 
other  substance  which  has  a  strong  attraction  for  water,  and  then 
squeezed  almost  dry,  will,  upon  being  balanced  in  a  pair  of  scales  sus- 
pended from  a  steady  support,  be  found  to  preponderate  or  ascend 
according  to  the  relative  dampness  or  dryness  of  the  weather. 

The  beard  of  the  wild  oat  may  also  serve  as  a  hygrometer,  as  it 
twists  around  during  atmospheric  changes  from  dampness  to  dryness. 

If  we  fix  against  a  wall  a  long  piece  of  catgut,  and  hang  a  weight 
to  the  end  of  it,  it  will  be  observed,  as  the  air  becomes  moist  or  dry, 
to  alter  in  length;  and  by  marking  a  scale,  the  two  extremities  of 
which  are  determined  by  observation  when  the  air  is  very  dry,  and 
when  it  is  saturated  with  moisture,  it  will  be  found  easy  to  measure 
the  variations. 

♦  Hygrometer,  from  the  Greek  words  irypOQ,  moist,  and  fiCTpOV,  measur*. 
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t  called  the  "  hair-hygrometer  "  is  constructed  upon 
this  principle.   It  consistsof  a  human    De«ribe 
hair,  fastened  at  one  extremity  to  a   ihe"hai[. 
screw  (see  Fig.  201),  and  at  the  other   hygronK. 
passing  over  a  pulley,  being  strained 
tight  by  a  silk  thread  and  weight  also  attached  to 
the  pulley.    To  the  axis  of  the  pulley  an  index  is 
attached,  which  passes  over  a  graduated  scale,  so 
that  as  the  pulley  turns,  through  the  shortening  or 
lengthening  of  the  hair,  ihe  index  moves.     When 
the  instrument  is  in  a  damp  atmosphere,  (he  hair 
absorbs  a  considerable  amount  of  vapor,  and  is 
thus  made  longer,  while   in   dry   air   it   becomes 
shorter;    so    that   the    index   is   of   course  turned 
alternately  from  one  side  to  the  other. 

The  instrument  is  graduated  by  first  placing  it 
in  air  artificially  made  as  dry  as  possible  ;  and  the 
point  on  the  scale  at  which  the  index  stops  under 
these  circumstances  is  the  point  of  greatest  dry- 
ness, and  is  marked  o.  The  hygrometer  is  then 
placed  in  a  confined  space  of  air  which  is  com-  y^^  ^^ 

pletely  saturated  with  vapor,  and  under  these  cir- 
cumstances the  index  moves  to  the  other  end  of  the  scale:  this  point, 
which  is  that  of  greatest  moisture,  is  marked   100.     The  intervening 
space  is  then  divided  into  one  hundred  equal   parts,  which  indicate 
different  degrees  of  moisture. 

Such  hygrometers    are    not,  however,  considered    as    altogether 


SECTION    I. 

PHENOMENA  AND  PRODUCTION  OP  DEW. 

532.  Dew  is  the  moisture  of  the  air  condensed  by 
coming  in  contact  with  bodies  colder  than  wh>tii 
itself.  ''™' 

533.  The  temperature  at  which  the  condensation 


294  NATURAL-  PHILOSOPHY. 

of  moisture  in  the  atmosphere  commences,  or  the 
What  is  the  degree  indicated  by  the  thermometer  at 
dew-point  ?  which  dcw  begins  to  be  deposited,  is  called 
thie  "dew-point.** 

This  point  is  by  no  means  canstant  or  invariable,  since  dew  is  only 
It  the  dew-  deposited  when  the  air  is  saturated  with  vapor,  and  the 
point  a  con-  amount  of  moisture  required  to  saturate  air  of  high 
Btant  one  ?        temperature  is  much  greater  than  air  of  low  temperature. 

If  the  saturation  be  complete,  the  least  diminution  of  temperature 
is  attended  with  the  formation  of  dew ;  but,  if  the  air  is  dry,  a  body 
must  be  several  degrees  colder  before  moisture  is  deposited  on  its 
surface;  and,  indeed,  the  dryer  the  atmosphere,  the  greater  will  be  the 
difference  between  the  temperature  and  its  dew-point. 

Dew  may  be  produced  at  any  time  by  bringing  a  vessel  of  cold 
water  into  a  warm  room.  The  sides  of  the  vessel  cool 
production  of  *^®  surrounding  air  to  such  an  extent  that  it  can  no 
dew  be  occa-  longer  retain  all  its  vapor,  or,  in  other  words,  the  tem- 
sionedatany  perature  of  the  air  is  reduced  below  the  dew-point; 
dew  therefore  forms  upon  the  vessel.  A  pitcher  of 
water  under  such  circumstances  is  vulgarly  said  to  **  sweat." 

In  a  clear  summer's  night,  when  dew  is  depositing,  a  thermometer 
laid  upon  the  grass  will  sink  nearly  twenty  degrees  below  one  sus- 
pended in  the  air  at  a  little  distance  above. 

All  bodies  have  not  an  equal  capacity  for  radiating 
Upon  what       ,  ,  ,  ,      ^  .„"',,, 

substances  is    "^^*»  °"*^  some  cool  much  more   rapidly  and  perfectly 

dew  depos-       than  others.      Hence   it  follows,  that,   with  the  same 

ited  most  exposure,  some  bodies  will  be  densely  covered  with  dew, 

while  others  will  remain  perfectly  dry. 

Grass,  the  leaves  of  trees,  wood,  &c.,  radiate  heat  very  freely ;  but 
polished  metals,  smooth  stones,  and  woolen  cloth  part  with  their  heat 
slowly :  the  former  of  these  substances  will  therefore  be  completely 
drenched  with  dew,  while  the  latter,  in  the  same  situations,  will  be 
almost  dry. 

The  surfaces  of  rocks  and  barren  lands  are  so  compact  and  hard, 
that  they  can  neither  absorb  nor  radiate  much  heat ;  and,  as  their  tem- 
perature varies  but  slightly,  very  little  dew  deposits  upon  them.  Cul- 
tivated soils,  on  the  contrary,  being  loose  and  porous,  very  freely  radi- 
ate by  night  the  heat  which  they  absorb  by  day ;  in  consequence  of 
which  they  are  much  cooled  down,  and  plentifully  condense  the  vapor 
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of  the  air  into  dew.  S<ich  a  condition  <d  things  is  a  remarkable  evi- 
dence of  design  on  the  part  of  the  Creator;  since  every  plant,  and  inch 
of  land,  which  needs  the  moisture  of  dew  is  adapted  to  collect  it,  but 
not  a  single  drop  is  wasted  where  its  refreshing  moisture  is  not 
required. 

534.  Dew  is  deposited  most  freely  upon  a  calm,  clear  night;  since 

under  such  circumstances  heat  radiates  from  the  earth   ...^ 

i.      •  ,  .    ,       .  ^  ,1.1  What  cir- 

most  freely,  and  is  lost  m  space.    On  a  cloudy  night,  on   cumstances 

the  contrary,  the  deposition  of  dew  is  almost  entirely   influence  the 
interrupted ;  since  the  lower  surfaces  of  the  clouds  turn   Production 
back  the  rays  of  heat  as  they  radiate,  or  pass  off  from 
the  earth,  and  prevent  their  dispersion  into  space  :  the  surface  of  the 
earth  is  not  therefore  cooled  down  sufficiently  to  chill  the  vapor  of 
the  air  into  dew. 

When  the  wind  blows  briskly,  also,  little  or  no  dew  is  formed ;  since 
warm  air  is  constantly  brought  into  contact  with  solid  bodies,  and  pre- 
vents their  reduction  in  temperature. 

Dew  is  always  formed  upon  the  surface   of  the 
material  upon  which  it  is  found,  and  does  can  dew  be 
not  fall  from  the  atmosphere.  to  fau  ? 

Other  things  being  equal,  dew  is  most  abundant  in  situations  most 
exposed,  because  the  radiation  of  heat  is  not  arrested  by  houses,  trees, 
&C  Little  dew  is  ever  observed  in  the  streets  of  cities,  because  the 
objects  are  necessarily  exposed  to  each  other's  radiation,  and  an  inter- 
change of  heat  takes  place,  which  maintains  them  at  a  temperature 
uniform  with  the  air. 

Dew  rarely  falls  upon  the  surface  of  water,  or  upon  ships  in  mid- 
ocean.    The  reason  of  this  is,  that,  whenever  the  aqueous    _.       . 
particles  at  the  surface  are  cooled,  they  become  heavier   form  upon 
than  those  below   them,  and  sink,  while  warmer  and    the  surface 
lighter  particles  rise  to  the  top.    These,  in  their  turn,        water . 
become  heavier,  and  descend ;  and  this  process,  continuing  throughout 
the  night,  maintains  the  surface  of  the  water  and  the  air  at  nearly  the 
same  temperature. 

Dew  is  produced  most  copiously  in  tropical  countries,  because 
there  is  in  such  latitudes  the  greatest  difference  between  the  tempera- 
ture of  the  day  and  that  of  the  night  The  development  of  vegetation 
is  also  greatest  in  tropical  countries ;  and  a  great  part  of  the  nocturnal 
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cooling  U  due  to  tha  leaves,  which  present  to  the  sVy  in  hnmenBe  non- 
ber  of  thin  bodies,  having  large  surface,  well  adapted  to  radiate  heat. 

535.   Frost  is  frozen  dew. 

When  the  temperature  of  the  body  upon  which  the  dew  is  de- 
Whatii  posited    sinks    below   32°    Fahrenheit,   the   moisture 

froii?  freezes,  and   assumes  a   solid   form,  constituting  what 

is  called  "frost." 

Shrubs  and  low  plants  are  more  liable  to  be  injured  by  frost  than 
trees  of  a  gieaiei  elevation,  since  the  air  contiguous  to  (he  surface  of 
the  ground  is  the  most  reduced  in  temperature. 

An  exceedingly  thin  covering  of  muslin,  matting, 
Why  dona  ^*''  ^'"  prevent  the  deposition  of  dew  or 
thin  cover,      frost  upon  an  object,  since  it  prevents  the 

iotptotect  ,..,,,  ,. 

objecti  from  radiation  01  heat,  and  a  consequent  coohng 
deworfrost?  gyj^j-jg^j  (o  occasion  the  production  of 
either  dew  or  frost. 


No  dew  or  frott. 


No  dew  01  frul. 


Fig.  103,  in  which  the  arrows  indicate  the  movements  of  heat,  and 
the  numerals  the  temperatures  of  the  earth  and  air  under  different 
circumstances,  will  render  the  explanations  of  the  phenomena  of  dew 

and  frost  more  intelligible. 
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The  figures  in  the  middle  of  the  diagram  represent  the  temperature 
of  the  air  at  a  distance  from  the  surface  of  the  earth ;  the  figures  in 
the  margin,  the  temperature  of  the  air  adjoining  the  surface  of  the 
earth;  the  figures  below  the  margin,  the  temperature  of  the  earth 
itself.  The  directions  of  the  arrows  represent  the  radiation  and 
reflection  of  the  heat. 


SECTION   II. 

CLOUDS,  RAIN,  SNOW,  AND  HAIL. 

536.  Clouds    consist    of    vapor   evaporated    from 
the  earth,  and  partially  condensed  in  the  what  arc 
higher  regions  of  the  atmosphere.  clouds? 

When  air  saturated  with  vapor,  in  immediate  con- 
tact with  the  surface  of  the  earth,  is  cooled  „     ... 

How  IS  mist 

down  rapidly,  its  vapor  is   condensed ;   if  or  fog  occa- 
the  condensation,  however,  is  not  sufficient 
to  allow  of  its  precipitation  in  drops,  it  floats  above 
the  surface  of  the  earth  as  mist  or  fog. 

Clouds,  fog,  and  mist  differ  only  in  one  respect. 
Clouds   float   at   an   elevation   in  the  air.   How  do 
while  fogs  and  mists  come  in  contact  with  and  mist**^* 
the  surface  of  the  earth.  ***"*'^ 

Mist  and  fog  are  also  formed  when  the  water  of  lakes  and  rivers, 
or  the  damp  ground,  is  warmer  than  the  surrounding  air  which  is 
saturated  with  moisture.  The  vapors  which  rise  in  consequence  of 
the  higher  temperature  of  the  water  are  immediately  re-condensed 
as  soon  as  they  diffuse  themselves  through  the  colder  air.' 

Mist  and  fog  are  observed  most  frequently  over  rivers  and  marshes ; 
because  in  such  situations  the  air  is  nearly  saturated  with  vapor,  and 
therefore  the  least  depression  of  temperature  will  compel  it  to  relin- 
quish some  of  its  moisture. 

The  moisture  contained  in  the  air  we  expel  from  the  lungs  in  the 
process  of  respiration  is  visible  in  winter,  but  not  in  summer.    The 
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reason  of  this  is,  that  in  cold  weather  the  vapor  is  condensed  by  the 
Why  it  the      external  air,  but  in  summer  the  temperature  of  the  air 
moisture  of      is  not  sufficiently  reduced  to  effect  condensation. 
**"'ihi'*?^^  During  the  daily  process  of  evaporation  from  the 

winter  and  surface  of  the  earth,  warm,  humid  currents  are  continu- 
not  in  ally  ascending.    The  higher  they  ascend,  the  colder  is 

summer  ?  ^jj^  atmosphere  into  which  they  enter ;  and,  as  they  con- 
tinue to  rise,  a  point  will  at  length  be  attained,  where,  in  union  with 
In  what  *^^  colder  air,  their  original  humidity  can  no  longer  be 

manner  are       retained :  a  cloud  will  then  appear,  which  increases  in 

clouds  bulk  with  the  upward  progress  of  the  current  into  colder 

formed  ? 

regions. 

To  a  person  in  the  valley,  the  top  of  a  mountain  may  seem 
enveloped  in  clouds;  while,  if  he  were  at  the  summit,  he  would  be 
surrounded  by  a  mist  or  fog. 

Clouds  frequently  appear  and  disappear  with  a  change  in  the  direc- 
Howdo  ^^^"  ^"^  character  of  the  wind.     Thus,  if  a  cold  wind 

winds  affect  blows  suddenly  over  any  region,  it  condenses  the  invisi- 
the  clouds  ?  |j]g  vapor  of  the  air  into  cloud  or  rain ;  but,  if  a  warm 
wind  blows  over  any  region,  it  disperses  the  clouds  by  absorbing  their 
moisture. 

What  is  the  '^^^  average  height  at  which  clouds  float  above  the 

average  surface  of  the  earth  in  a  calm  day  is  between  one  and 

height  of  tvvo  miles.    Light,  fleecy  clouds,  however,  sometimes 

attain  an  elevation  of  five  or  six  miles. 

When  clouds  are  not  continuous  over  the  whole  surface  of  the  sky, 

various  circumstances  contribute  to  give  them  a  rough 
What  occa-  ,  _,  ®.     .  .  ..° 

sionsthe  *""  uneven  appearance.    The  rays  of  the  sun,  falhng 

irregular  upon  different  surfaces  at  different  angles,  melt  away 

and  broken  qj^^  gg^  Qf  elevations,  and  create  another  set  of  depres- 
of  clouds?  sions;  the  heat  also,  which  is  liberated  below  in  the 
process  of  condensation,  the  currents  of  warm  air  escap- 
ing from  the  earth,  and  of  cold  air  descending  from  above,  all  tend  to 
keep  the  clouds  in  a  state  of  agitation,  upheaval,  and  depression. 
Under  these  influences,  the  masses  of  condensed  vapor  composing  the 
clouds  are  caused  to  assume  all  manner  of  grotesque  and  fanciful  shapes. 
The  shape  and  position  of  clouds  are  also  undoubtedly  influenced  in 
a  considerable  degree  by  their  electrical  condition. 

Clouds  are  frequently  seen  to  collect  around  moun- 
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tain-peaks,  when  the  atmosphere  elsewhere  is  clear 
and  free  from  clouds.     This  is  caused  by  why  do 
the  wind  impelling   up  the  sides   of  the  jj®"^*^^ 
mountains  the  warm,  humid  air  of  the  val-  collect 
leys,  the  moisture  of  which,  in  its  ascent,  mountain- 
gradually  becomes  condensed  by  cold,  and  p**^'^ 
appears  as  a  cloud. 

537.  Clouds  are  generally  divided  into  four  great 
classes;  viz.,  the  Cirrus,  the  Cumulus,  the  how  many 
Stratus,  and  the  Nimbus,  doudJ^Ire 

The  cirrus*  cloud  consists  of  very  deli-  recognized? 
cate  thin  streaks,  or  feathery  filaments,  and  is  usu- 
ally seen  floating  at   great  elevations  in  what  is  the 
the  sky  during  the   <!:ontinuance  of  fine  «»''"•  ^loud? 
weather. 

It  is  highly  probable  that  the  cirrus  cloud,  at  great  elevations,  does 
not  consist  of  vesicles  of  mist,  but  of  flakes  of  snow. 

Fig  204,  A,  represents  the  appearance  of  this  variety  of  cloud. 

The  cumulus -j-  cloud  consists  of  large  rounded 
masses  of  vapor,  apparently  resting  upon  . 

a  horizontal  basis.     When  lighted  up  by  cumulus 
the  sun,  cumulus  clouds  present   the  ap- 
pearance of  mountains  of  snow. 

The  cumulus  is  especially  the  cloud  of  day,  and  its  figure  is  most 
perfect  during  the  fine  warm  days  of  summer. 

Fig.  204,  B,  illustrates  the  appearance  of  the  cumulus  cloud. 

These  clouds  appear  in  greatest  number  at  noon,  on  a  fine  day,  but 
disappear  as  evening  approaches.  The  explanation  of  this  is,. that  at 
noon  the  currents  of  warm  air  ascending  from  the  earth  are  more 
buoyant,  larger,  and  rise  higher;  and,  when  condensed,  form  large 
masses  of  clouds,  each  of  which  may  be  considered  as  the  capital  of  a 

*  From  the  Latin  word  cirrus,  —  a  lock  of  hair,  or  curl. 
t  From  the  Latin  word  cumulust  —  a  mass,  or  pile. 
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colamii  of  air,  whose  base  rests  upon  the  earth.     As  the  heat  of  the 

sun  diminishes  in  the  afCemoan,  the  strength  of  the  currents  abates ; 

the  clouds,  which  are  buoyed  up  by  their  force,  sinlc  down  into  warmer 

regions  of  the  atmosphere,  and  are  either  paitially  or  wholly  dissolved. 

The  rounded  figure  of  the  cumulus  has  been  attributed  to  its  method 


of  formation ;  for,  when  one  fluid  flows  through  another  at  rest,  the 
outline  of  the  figure  assumed  by  the  first  will  be  composed  of  curved 
lines.  This  fact  maybe  shown,  and  the  appearance  of  the  cumulus 
imitated,  by  allowing  a  drop  of  milk  or  ink  to  fall  into  a  glass  of  water. 
The  same  thing  is  also  seen  in  the  shape  of  a  cloud  of  steam,  as  it 
issues  from  the  boiler  of  a  locomotive. 
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The  stratus,*   or  stratified  cloud,  consists  of  hori- 
zontal   streaks  or  layers    of  vapor,  which 
float  like  a  veil  at  no  very  great  elevation  stratus 
from  the  surface  of  the  earth.     They  fre- 
quently appear  with  extraordinary  brilliancy  of  color 
at  sunset. 

The  appearance  of  the  stratus  is  represented  at  C,  Fig.  204. 

The  nimbus,  or  the  cloud  of  rain,  has  no  character- 
istic form.     It  generally  covers  the  whole  what  is  the 
horizon,    imparting   to   it  a   bluish -black  o»»nhus? 
appearance. 

The  various  forms  of  clouds  gradually  pass  into  each  other,  so  that  it 
is  often  difficult  to  decide  whether  the  appearance  of  a  cloud  approaches 
more  to  one  type  than  another.  The  intermediate  forms  are  sometimes 
designated  as  cirro-stratus,  cirro-cumulus,  and  cumulo-stratus. 

538.  Rain  is  the  vapor  of  the  clouds  or  air,  con- 
densed and   precipitated   to   the  earth  in  what  is 
drops.  '^^°- 

Rain  is  generally  occasioned  by  the  union  of  two 
or  more  volumes  of  humid  air,  differing  how  is  rain 
considerably  in  temperature.  Under  such  occasioned? 
circumstances,  the  several  portions  in  union  are  in- 
capable of  absorbing  the  same  amount  of  moisture 
that  each  could  retain  if  they  had  not  united.  The 
excess,  if  very  great,  falls  as  rain ;  if  of  slight 
amount,  it  appears  as  cloud. 

539.  The   law   upon   which    the    condensation   of 
vapor  and  the  formation  of  rain  depends   upon^vhat 
is,  that  the  capacity  of  the  air  for  moisture  law  docs  the 

•^  •         1  1  formation 

decreases  m  a  greater  ratio  than  the  tem-  of  rain 

.  depend  ? 

perature. 

*  From  the  Latiu  stratus,  —that  which  lies  low  in  the  form  of  a  bed  or  layer. 
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Rain  falls  in  drops,  because  the  vesicles  oE  vapor,  in  their  de- 
Why  aou  scent,  attract  each  other  and  merge  together,  thus 
nln  fall  to  forming  drops  of  water.  The  size  of  the  drop  is  in 
dtopi?  creased   in  proportion  to   the  rapidity  with  which  the 

vapors  arc  condensed. 

In  rainy  weather  the  clouds  fall  toward  the  earth,  for  the  reason 
that  they  are  heavy  with  pan i ally-condensed  vapors,  and  the  air,  on 
account  of  ils  diminished  density,  is  less  able  to  buoy  them  up. 

540.  The  quantity  of  niin  falling  at  any  one  time 
or  place  is  measured  by  means  of  an  instrument 
called  a  "rain-gauge." 

This  usually  consists  of  a  tin  cylindrical  vessel,  M,  Fig.  205,  the 
Dctcribc  upper  pari  of  which  is  closed  by  a  cover,  B,  in  the  shape 

the  r»in-  of  a  funnel,  with  an  aperture  in  its  center.    The  water 

•"*•■  falling  upon  Ihe  lop  of  the  cylinder  flows  into  the  inte- 

tior  through  the  opening,  and  is  thus  protected  from  evaporation. 
From  the  base  of  thcr 
apparatus  a  gradu- 
ated glass  lube.  A, 
ascends,  in  which  the 
water  rises  to  the 
^  same  height  as  in  the 
interior  of  the  cylin- 
der. Supposing  the 
apparatus  to  be 
placed  in  an  exposed 
situation,  and  at  the 
end  of  a  month,  for 
'■  example,   the   height 

iif  the  water  in  the  tube  is  five  inches:  (his  would  indicate  that  the 
water  in  the  cylinder  had  attained  to  an  equal  elevation,  and  conse- 
<iuently  that  the  rain  which  had  fallen  during  this  interval  would,  if 
jiot  diminished  by  evaporation  or  intiltrattun,  cover  the  earth  to  the 
depth  of  live  inches. 

541.  K^ia  falls  most  abundantly  in  countries  near  the  equator,  and 
,  .  decreases  in  quantity  as  we  approach  the  poles.  There 
■iluKtloni  ^'^  more  rainy  days,  however,  in  the  temperate  zones  than 
li  nin  moat  in  ibe  tropics,  although  Ihe  yearly  quantity  of  rain  falling 
*    "  ill  the  latter  districts  is  much  greater  than  in  the  former. 
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In  the  northern  portions  of   the  United  States,  there  are  on  an 
average  about  one  hundred  and  thirty-four  rainy  days  in  a  year ;  in  the. 
Southern  States  the  number  is  somewhat  less,  being  about  one  hun- 
dred and  three. 

The  reason  why  it  rains  more  frequently  in  the  temperate  zones 
than  in  the  tropics  is  because  the  former  are  regions  of  variable 
winds,  and  the  temperature  of  the  atmosphere  changes  often ;  while 
in  the  tropics  the  wind  changes  but  rarely,  and  the  temperature  is  very 
constant  throughout  a  great  part  of  the  year.  In  the  tropics  the 
year  is  divided  into  only  two  seasons,  the  wet  or  rainy,  and  the  dry 
season.       ... 

The  average  yearly  fall  of  rain  in  the  tropics  is 
ninety-five  inches ;  in  the  temperate  zone, 

-      •',  .  ^  ^  *    What  is  the 

only  thirty-five.  average  fall 

of  rain  in 

The  greatest  rainfall,  however,  is  precipitated  in  the  ^ffo'ept  - 
shortest  time.  Ninety-five  inches  fall  in  eighty  days  on 
the  equator,  while  at  St.  Petersburg  the  yearly  rainfall  is  but  seven- 
teen inches,  spread  over  one  hundred  and  sixty-nine  days.  Again,  a 
tropical  wet  day  is  not  continuously  wet.  The  morning  is  clear; 
clouds  form  about  ten  o'clock ;  the  rain  begins  at  twelve,  and  pours 
till  about  half-past  four ;  by  sunset  the  clouds  are  gone,  and  the  nights 
are  invariably  fine. 

The  depth  of  rain  which  falls  yearly  in  London  is  about  twenty-five 
inches ;  but  at  Vera  Cruz,  on  the  Gulf  of  Mexico,  rain  to  the  amount 
of  two  hundred  and  seventy-eight  inches  is  precipitated.  The  expla- 
nation of  this  is  to  be  found  in  the  peculiar  location  of  the  city,  at  the 
foot  of  lofty  mountains  whose  summits  are  covered  with  perpetual 
snow ;  against  these  the  hot,  humid  air  from  the  sea  is  driven  by  the 
winds,  condensed,  and  its  excess  of  moisture  precipitated  as  rain. 

542.  Some  countries  are  entirely  destitute  of  rain ;  in  a  part  of 
Egypt  it  never  rains,  and  in  Peru  it  rains  once,  perhaps,  in  a  man's 
lifetime.  Upon  the  table-land  of  Mexico,  in  parts  of  Guatemala  and 
California,  rain  is  very  rare.  But  the  most  extensive  rainless  districts 
are  those  occupied  by  the  Great  Desert  of  Africa,  and  its  continuation 
eastward  over  portions  of  Arabia  and  Persia  to  the  interior  of  Central 
Asia,  over  the  great  desert  of  Gobi,  the  table-land  of  Thibet,  and  part 
of  Mongolia.  These  regions  embrace  an  area  of  five  or  six  millions 
of  square  miles  that  never  experience  a  shower. 
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The  cause  of  this  scarcity  is  to  be  sought  for  in  the  peculiar  confor- 
mation of  the  country. 

In  Peru,  for  example,  parallel  to  the  coast,  and  at  a  short  distance 
from  the  sea,  is  the  lofty  range  of  the  Andes,  the  peaks  of  which  are 
covered  with  perpetual  snow  and  ice.  The  prevailing  wind  is  an  east 
wind,  sweeping  from  the  Atlantic  to  the  Pacific  across  the  continent 
of  South  America.  As  it  approaches  the  west  coast,  it  encounters  this 
range  of  mountains,  and  becomes  so  cooled  by  them  that  it  is  forced 
to  precipitate  its  moisture,  and  passes  on  to  the  coast  almost  devoid 
of  moisture.  In  Egypt  and  other  desert  countries,  the  dry  sandy  plains 
heat  the  atmosphere  to  such  an  extent  that  it  absorbs  moisture,  and 
precipitates  none. 

On  the  other  hand,  there  are  some  countries,  in  which  it  may  be 
said  to  always  rain.  In  some  portions  of  Guiana,  in  South  America, 
it  rains  for  a  great  portion  of  the  year.  The  fierce  heat  of  the  tropical 
sun  fills  the  atmosphere  with  vapor,  which  returns  to  the  earth  again 
in  constant  showers  as  the  cool  winds  of  the  ocean  flow  in  and  con- 
dense it. 

543.  The  whole  quantity  of  water  annually  precipitated  as  rain  over 

..•._     .     .-       the  earth's  surface  is  calculated  to  exceed  seven  hun- 

Whatisthe      ,     ,       ,    .  .,,.  ,  «,,  .  . 

whole  esti-      "''^"  ^^"  ^^^^V  ni""ons  of  tons.    This  entire  amount  is 

mated  year-     raised  into  the   atmosphere   solely  by  evaporation.     It 

ly  quantity  ^^^  y^^^  j^jg^  calculated,  that  the  daily  amount  of  water 
of  rain  ?  ' 

raised  by  evaporation  from  the  sea  alone  amounts  to  no 

less  than  one  hundred  and  sixty-four  cubic  miles,  or  about  sixty  thou- 
sand cubic  miles  annually. 

During  the  months  of  October  and  November,  the  daily  amount  of 
evaporation  from  the  surface  of  the  ocean,  between  the  Cape  of  Good 
Hope  and  Calcutta,  is  known  to  average  three-quarters  of  an  inch 
from  the  whole  surface. 

The  amount  of  moisture  constantly  present  in  the  atmosphere  of 
What  curi-  ^"^  country  exercises  an  important  influence  upon  the 
ouB  influ-  physical  system  of  the  inhabitants,  and  upon  their  arts 
ences  are  ^md  professions.     The    atmosphere    of    the    northern 

by  the  moist-  United  States  is  uncommonly  dry,  much  more  so  than 
ure  of  the  in  England  or  Germany.  To  this  in  a  great  measure  is 
atmosphere  ?  o^ving  the  difference  in  the  physical  appearance  of  the 
inhabitants  of  these  respective  countries. 

What  is  S44.  Snow  is  the  condensed  vapor  of  the 

•now  ?  ^jj.^  frozen,  and  precipitated  to  the  earth. 
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Our  knowledge  in  respect  to  the  formation  of  snow  in  the  atmos- 
phere is  very  limited.  It  is  probable  that  the  clouds  How  is  snow 
in  which  the  flakes  of  snow  are  first  formed  consist,  not  probably 
of  vesicles  of  vapor,  but  of  minute  crystals  of  ice,  which  f ®""*d  ? 
by  the  continuous  condensation  of  vapor  become  larger,  and  form 
flakes  of  snow,  which  continue  to  increase  in  size  as  they  descend 
through  the  air. 

When  the  lower  regions  of  the  air  are  sufficiently  warm,  the  flakes 
of  snow  melt  before  they  reach  the  ground ;  so  that  it  may  rain  below, 
while  it  snows  above. 

The  largest  flakes  of  snow  are  formed  when  the  air  abounds  with 
vapor,  and  the  temperature  is  about  32^  Fahrenheit;  but  as  the 
moisture  diminishes,  and  the  cold  increases,  the  snow  becomes  finer. 

In  extreme  cold  weather,  when  a  volume  of  cold  air  is  suddenly 
admitted  into  a  room,  the  air  of  which  is  saturated  with  moisture,  it 
sometimes  happens  that  the  vapor  of  the  room  will  be  condensed  and 
frozen  at  the  same  instant,  thus  producing  a  miniature  fall  of  snow. 

545.  On  examining  a  snow-flake  beneath  a  microscope  it  is  found 

to  consist  of  regular  and  symmetrical  crystals,  having 

.J.    •    .^      -  -  vvnat  18  the 

a  great  diversity  of  form.  physical 

These  crystals  also  exist  in  ice,  but  are  so  blended   composition 
together  that  their  symmetry  is  lost  in  the  compact   of  *»now- 
mass. 

The  crystals  of  snow  may,  under  favorable  circumstances,  be  seen 
with  the  naked  eye,  by  placing  the  flake  upon  a  dark  body  cooled 
below  32®  Fahrenheit  Fig.  206  represents  the  varied  and  beautiful 
forms  of  snow-crystals. 

The  bulk  of  recently-fallen  snow  is  ten  or  twelve  times  greater  than 
that  of  the  water  obtained  by  melting  it 

546.  Hail   is  the  moisture  of    the  air  what  is 
frozen  into  drops  of  ice.  ***"' 

The  phenomenon  of  hail  has  never  been  satisfactorily  explained. 
It  is  difficult  to  conceive  how  the  great  cold  is  produced   p      .      . 
which  causes  the  water  to  freeze  under  the  circum-   nomenon 
stances,  and  also  how  it  is  possible  that  the  hailstones,   of  bail  bo 
after  having  once  become  sufficiently  large  to  fall  by   explained 
their  own  weight,  can  yet  remain  long  enough  in  the  air  ^^^y  p  * 
to  increase  to  so  considerable  a  size  as  is  sometimes 
seen.    A  hailstorm  generally  lasts  but  a  few  minutes,  very  seldom  as 


A 
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long  as  a  quarter  of  an  hour ;  but  the  quantity  of  ice  which  escapes 
from  the  clouds  in  so  short  a  time  is  very  great,  and  masses  have  been 
observed  to  fall  of  a  weight  of  ten  or  twelve  ounces. 

547.  Hailstones  are  generally  pear-shaped ;  and,  if  they  are  divided 
through  the  center,  they  will  be  found  to  be  composed  of  alternate 
layers  of  ice  and  snow,  arranged  around  a  nucleus,  like  the  coats  of 


Hailstorms  occur  most  frequently  in  temperate  climates,  and  rarely 
within  the  tropics.  They  occur  most  frequently  in  northern  latitudes, 
in  the  vicinity  of  high  mountains  whose  peaks  are  always  covered 
with  ice  and  snow.  The  South  of  France,  which  lies  between  the 
Alps  and  Pyrenees,  is  annually  ravaged  by  hail ;  and  the  damage 
which  it  causes  yearly  to  vineyards  and  standing  crops  has  been  esti- 
mated at  upward  of  ivine  millions  of  dollars. 
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SECTION    III. 
WINDS. 

548.  Wind   is   air  in   motion.     The   air   is   never 
entirely  free  from  motion,  but  the  velocity  whatu 
with  which  it  moves  is  perpetually  varying.   ^»°**^ 

549.  The   principal   cause   of    movements   in   the 
atmosphere  is  the  variation  of  temperature  what  is  the 
produced  by  the   alternation   of   day  and  cauroof 
night  and  the  sxiccession  of  the  seasons.       ^*"<*^ 

When,  through  the  agency  of  the  sun,  a  particular  portion  of  the 
earth's   surface  is  heated  to  a  greater  degree  than  the 
remainder,  the  air  resting  upon  it  becomes  rarefied,  and    variations  of 
ascends,  while  a  current  of  cold  air  rushes  in  to  supply    temperature 
the  vacancy.     Two  currents,  the  one  of  warm  air  flowing    P'P°"^® 
out  and  the  other  of  cold  air  flowing  in,  are  thus  con- 
tinually produced;   and  to  these  movements  of  the  atmosphere  we 
apply  the  designation  of  wind. 

If  the  whole  surface  of  the  earth  were  covered  with  water  the 
winds  would  always  follow  the  sun,  and  blow  uniformly 
from  east  to  west.     The  direction  of  the  wind  is,  how-   physical 
ever,  continually  subject  to  interruption  from  mountains,    features  of 
deserts,  plains,  oceans,  &c.  *^*  earth 

Thus  mountains  which  are  covered  with  snow  con-  vvjnds? 
dense  and  cool  the  air  brought  in  contact  with  them; 
and,  when  the  temperature  of  the  current  of  air  constituting  the  wind 
is  changed,  its  direction  is  liable  to  be  changed  also.  The  ocean  is 
never  heated  to  the  same  degree  as  the  land ;  and,  in  consequence  of 
this,  the  general  direction  of  the  wind  is  from  tracts  of  ocean  toward 
tracts  of  land. 

In  those  parts  of  the  world  which  present  an  extended  surface  of 
water,  the  wind  blows  with  a  great  degree  of  regularity. 

550.  Every  variation  exists  in  the  speed  of  winds,  from  the  mildest 
zephyr  to  the  most  violent  hurricane. 


308  NATURAL   PHILOSOPHY. 

A  wind  which  is  hardly  perceptible  moves  with  a  velocity  of  about 
What  is  *^®  miles  per  hour,  and  with  a  perpendicular  force  on 

the  velocity      one  square  foot  of  .02  pound  avoirdupois, 
and  force  Jn  a  storm  the  velocity  of  the  wind  is  from  fifty  to 

sixty  miles  per  hour,  and  the  pressure  from  ten  to  eigh- 
teen pounds  per  square  foot.  In  some  hurricanes  the  velocity  has 
been  estimated  at  from  eighty  to  one  hundred  miles  per  hour,  with  a 
varying  force  of  from  thirty  to  fifty  pounds. 

The  force  of  the  wind  is  ascertained  by  observing 
How  is  the  amount  of  pressure  that  it  exerts  upon 

o?  w?nd*  ^  given  plane  surface,  perpendicular  to  its 
calculated?     q^^^  direction. 

If  the  pressure-plate  acts  freely  upon  spiral  springs,  the  power  of 
the  wind  is  denoted  by  the  extent  of  their  compression,  which  thus 
becomes  a  measure  of  their  force,  the  same  as  in  weighing  by  the 
ordinary  spring-balance. 

What  is  An  instrument  for  measuring  the  force 

momctcr?       of  the  wind  is  called  an  anemometer. 

551.  Winds  may  be  divided  into  three 
winds'be^  classcs !  coustant,  periodical,  and  variable 
divided  winds. 

552.  In  many  parts  of  the  Atlantic  and  Pacific  Oceans  the  wind 
What  are  blows  with  a  uniform  force  and  constancy,  so  that  a 
the  trade-  vessel  may  sail  for  weeks  without  altering  the  position 
winds  ?  q£  j^  gj^jj  Qj.  spar^     Such  winds  have  received  the  designa- 

tion of  trade-winds,  inasmuch  as  they  are  most  convenient  for  naviga- 
tion, and  always  blow  in  one  direction. 

The  trade-winds  are  caused  by  the  movements  of  vast  currents  of 
What  is  •^*^»  which  are  continually  flowing  between  the  poles  and 

the  cause  of  the  equator.  Thus  the  air  which  has  been  greatly 
the  trade-  heated  by  the  sun  in  regions  near  to  the  equator  rises, 
and  runs  over  toward  either  pole  in  two  grand  upper 
currents,  under  which  there  flow  from  north  and  south  two  other 
currents  of  colder  air  to  occupy  the  space  vacated,  and  to  restore  the 
equilibrium. 
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553.  In  the  northern  hemisphere,  the  trade-winds  blow  from  the 

north-east,  and  in  the  southern  hemisphere  from  the    __..    ^ 

*^  What  occa- 

soutb-east.  sions  the 

The  reason  they  do  not  blow  from  the  direct  north    direction  of 

and  south  is  owing  to  the  revolution  of  the  earth.    The   *^*  V"*?*' 

r    y  11.,  1  winds? 

circumference  of  the  earth  bemg  larger  at  the  equator 

than  at  the  poles,  every  spot  of  the  equatorial  surface  must  move 
much  faster  than  the  corresponding  one  at  the  poles :  when,  therefore, 
a  current  of  air  from  the  poles  flows  toward  the  equator,  it  comes  to  a 
part  of  the  earth's  surface  which  is  moving  faster  than  itself ;  in  con- 
sequence of  which  it  is  left  behind,  and  thus  produces  the  effect  of  a 
current  moving  in  the  opposite  direction. 

The  region  over  which  the  trade-winds  prevail  extends  for  about 
twenty-five  degrees  of  latitude,  on  each  side  of  the  equator,  in  the 
Atlantic  ahd  Pacific  Oceans. 

The  reason  the  trade-winds  do  not  blow  uninterruptedly  from  the 
equator  to  each  pole  is  owing  to  the  change  which  takes  place  in  their 
temperature  as  they  move  north  and  south.  Thus,  in  the  northern 
hemisphere  the  hot  air  that  ascends  from  the  equator,  and  passes 
north,  gradually  cools,  and  becomes  denser  and  heavier,  running  as  it 
does  over  the  cold  current  below.  The  cold  air  from  the  pole,  too, 
gradually  becomes  warmer  and  lighter  as  it  passes  south ;  so  that,  in 
the  temperate  climates,  there  is  a  constant  struggle  as  to  which  shall 
have  the  upper  and  which  the  lower  position.  In  these  regions,  con- 
sequently, there  are  no  uniform  winds.* 

554.  Monsoons    are    periodical    currents    of    air, 
which,  in  the  Arabian,  Indian,  and  China  what  are 
Seas,  blow  for  nearly  six  months  of   the  roo"©©"? 
year   in   one   direction,  and   for  the  other  six   in  a 
contrary  direction. 

They  are  called  monsoons,  from  an  Arabic  word  signifying  season ; 
they  are  also  called  periodical  winds,  to  distinguish  them  from  the 
trade-winds,  which  are  constant. 

*  The  existence  of  a  great  current  of  air  in  the  upper  regions  of  the  atmosphere, 
flowing  in  a  nearly  contrary  direction  to  the  trade-winds,  has  been  confirmed  by  the 
observations  of  travelers  who  have  ascended  the  Peak  of  Teneriflfe,  or  some  of  the 
high  mountains  in  the  islands  of  the  Southern  Pacific  Ocean.  At  a  height  of  about 
twelve  thousand  feet  a  wind  is  encountered,  blowing  constantly  in  an  opposite  direc- 
tion to  that  which  prevails  at  the  level  of  the  sea  below. 
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The  theory  of  the  monsoons  is  as  follows :  During  six  months  of  the 
What  U  the  Y^^^*  ^^o^^  April  to  October,  the  air  of  Arabia,  Persia, 
theory  of  the  India,  and  China  is  so  rarefied  by  the  enormous  heat 
monsoons?  q£  ^j^^Jj.  summer  sun,  that  the  cold  air  from  the  south 
rushes  toward  these  countries,  across  the  equator,  and  produces  a 
south-west  wind.  When  the  sun,  on  the  other  hand,  has  left  the 
northern  side  of  the  equator  for  the  southern,  the  southern  hemi- 
sphere is  rendered  hotter  than  the  northern,  and  the  direction  of  the 
wind  is  reversed,  or  the  monsoon  blows  north-east,  from  October  to 
April. 

The  monsoons  are  more  powerful  than  the  trade-winds,  and  very 
often  amount  to  violent  gales.  They  are  also  more  useful  than  the 
trade-winds,  since  the  mariner  is  able  to  avail  himself  of  their  periodic 
changes  to  go  in  one  direction  during  one  half  of  the  year,  and  return 
in  the  opposite  direction  during  the  other  half. 

555.  In  some  parts  of  the  world,  as  on  coasts  and  islands;  the  heat- 
Wh  ti   th       ^^^  action  of  the  sun  produces  daily  periodical  winds, 
explanation      which  are  termed  land  and  sea  breezes. 
of  land  and  During  the  day,  the  land  becomes  much  more  highly 

sea  reezes .  Seated  by  the  sun  than  the  adjacent  water,  and  conse- 
quently the  air  resting  upon  the  land  is  much  more  heated  and  rarefied 
than  that  upon  the  water.  The  cooler  and  denser  air,  therefore,  flows 
from  the  water  toward  the  land,  constituting  a  sea-breeze,  and,  displa- 
cing the  warmer  and  lighter  air  over  the  land,  forces  it  into  a  higher 
region,  along  which  it  flows  in  an  upper  current  seaward. 

At  night  a  contrary  effect  is  produced.  After  sunset  the  land  cools 
much  more  rapidly  than  the  water,  and  the  air  over  the  shore,  becom- 
ing cooler  and  consequently  heavier  than  that  over  the  sea,  flows  toward 
the  water,  and  forms  the  land-breeze. 

The  phenomena  of  land  and  sea  breezes  may  be  well  illustrated  by 
a  simple  experiment.  Fill  a  large  dish  with  cold  water,  and  place  in 
the  middle  of  it  a  saucer  full  of  warm  water ;  let  the  dish  represent 
the  ocean,  and  the  saucer  an  island  heated  by  the  sun  and  raref)dng  the 
air  above  it ;  blow  out  a  candle,  and  if  the  air  of  the  room  be  still,  on 
applying  it  successively  to  every  side  of  the  saucer  the  smoke  will  be 
seen  moving  toward  it  and  rising  over  it,  thus  indicating  the  course 
of  the  air  from  sea  to  land.  On  reversing  the  experiment,  by  filling 
the  saucer  with  cold  water,  and  the  dish  with  warm,  the  land-breeze  will 
be  shown  by  holding  the  smoking  wick  over  the  edge  of  the  saucer ; 
the  smoke  will  then  be  wafted  to  the  warmer  air  over  the  dish. 
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556.  In    the    temperate    zones    the    winds    have 
little  of    regularity,   and   these    latitudes  in  what 
are  known  as   the   regions   of  "variable  vSlaWc*^ 
winds."  "^^^^ 

prevail  ? 

In  the  tropics  the  great  aerial  currents  known  as  the  trade-winds 
exist  in  all  their  power,  and  control  most  of  the  local  influences ;  but 
in  the  temperate  zones,  where  the  force  of  the  trade-winds  is  dimin- 
ished, a  perpetual  contest  occurs  between  the  permanent  and  tempo- 
rary currents,  giving  rise  to  constant  fluctuations  in  the  strength  and 
direction  of  the  winds. 

557.  The  dryest  winds  of  the  United  States  are  west  and  north-west 
winds,  since  they  blow  over  great  tracts  of  land,  and 

have  little  opportunity  of  absorbing  moisture.  character  of 

The  south  winds  are  generally  warm  and  productive   the  winds  of 
of  rain,  since,  coming  from  tropical  countries,  they  are   2[2t^°?***^ 
highly  heated,  and  readily  absorb  moisture  as  they  pass 
over  the  ocean.    As  soon,  however,  as  they  reach  a  cold  climate,  they 
are  condensed,  and  can  no  longer  hold  all  their  vapor  in  suspension ; 
in  consequence  of  which  some  of  it  is  deposited  as  rain. 

558.  The  simoom  is  an  intensely  hot  wind  that  pre- 
vails upon  the  vast  deserts  of  Africa  and  what  is  a 

the  arid  plains  of  Asia,  causing  great  suf-  ""*<>«"»' 
fering,  and  often  destruction  of  whole  caravans  of 
men  and  animals  when  encountered.  Its  origin  is 
to  be  sought  in  the  peculiarities  of  the  soil  and  the 
geographical  position  of  the  countries  where  it 
occurs. 

"The  surface  of  the  deserts  of  Africa  and  Asia  is  composed  of 
dry  sand,  which  the  vertical  rays  of  the  sun  render  burning  to  the 
touch.  The  heat  of  these  regions  is  insupportable,  and  their  atmos- 
phere like  the  breath  of  a  furnace.  When,  under  such  circumstances, 
the  wind  rises  and  sweeps  over  these  plains,  it  is  intensely  hot  and 
destitute  of  moisture,  and  at  the  same  time  bears  aloft  with  it  great 
clouds  of  fine  sand  and  dust,  —  a  dreadful  visitant  to  the  traveler  of 
the  desert" 
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559.  The  hurricane  is  a  remarkable  stoqp-wind. 

What  is  a  pecuUar  to  certain  portions  of  the  world, 
hurricane?     j^  j-^^^jy  ^^j^^g  j^g  ^.jg^  bcyond  the  tropics, 

and  it  is  the  only  storm  to  dread  within  the  region  of 
the  trade-winds. 

Hurricanes  are  especially  distinguished  from  all  other  kinds  of 
tempests  by  their  extent,  irresistible  power,  and  the  sudden  changes 
that  occur  in  the  direction  of  the  wind. 

In  the  northern  hemisphere  the  hurricane  most  frequently  occurs 
At  what  ^^  ^^^  regions  of  the  West  Indies ;  in  the  southern  hemi- 

times  and  sphere  it  oc(furs  in  the  neighborhood  of  the  island  of 
locations  do  Mauritius,  in  the  Indian  Ocean.  They  also  seem  to  be 
most f re-  confined  to  particular  seasons:  thus  the  West  Indian 

quently  occur  from   August   to  October,   the  Mauritian  from 

occur?  February  to  April. 

Recent  investigations  have  proved  the  hurricanes  to  consist  of 
What  is  the  extensive  storms  of  wind,  which  revolve  round  an  axis 
nature  of  the  either  upright  or  inclined  to  the  horizon ;  while  at  the 
hurricane?       ^^^^^^  ^j^^g   ^j^g  ^^^^^  ^^  ^j^^   storm  has  a  progressive 

motion  over  the  surface  of  the  ocean. 

Thus  it  is  the  nature  of  a  hurricane  to  travel  round  and  round  as 
well  as  forward,  much  as  a  corkscrew  travels  through  a  cork,  only  the 
circles  are  all  fiat,  and  described  by  a  rotary  wind  upon  the  surface  of 
the  water.  A  ship  revolving  in  the  circles  of  a  hurricane  would  find, 
in  successive  positions,  the  wind  blowing  from  every  point  of  the 
compass. 

The  distance  traversed  by  these  terrible  tempests  is  also  immense. 
The  great  gale  of  August,  1830,  which  occurred  at  St.  Thomas,  in  the 
West  Indies,  on  the  1 2th,  reached  the  Banks  of  Newfoundland  on  the 
19th,  having  traveled  more  than  three  thousand  nautical  miles  in 
seven  days.  The  track  of  the  Cuba  hurricane  of  1844  was  but  little 
inferior  in  length. 

The  surface  simultaneously  swept  by  these  tremendous  whirlwinds 
is  a  vast  circle  varying  fi-om  one  hundred  to  five  hundred  miles  in 
diameter. 

560.  Tornadoes  may  be  regarded  as  hurricanes, 
What  are  differing  chiefly  in  respect  to  their  contin- 
tornadoes  ?     uance  and  extent. 
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Tonudoei  usiuUty  last  from  fifteen  10  seventy  Mconds;  their 
breadth  varies  from  a  fen  rods  to  several  hundred  yards,  and  the 
length  of  their  course  rarely  exceeds  twenty  miles. 

The  tornado  is  generally  preceded  by  a  cajm  and  sultry  state  of  the 
atmosphere,  when  suddenly  the  whirlwind  appears,  prostrating  every 
thing  before  it  Tornadoes  are  usually  accompanied  with  thunder  and 
lightnii^,  and  sometimes  showers  of  hail. 

Tornadoes  are  supposed  to  be  generally  produced  by  the  lateral 
action  of  an  opposing  wind,  or  the  iniluence  of  a  brisk   How»« 
gale  upon  a  portion  of  (he  atmosphere  in  repose.  tomadon 

Similar  phenomena  are  seen  in  the  eddies  or  little   P™>a«^' 
whirlpools  found  in  water,  when  two  streams  flowing  in  diKerent  direc- 
tions meet.    They  occur  most  frequently  at  the  junction  of  two  brooks 

Whirlwinds  on  a  small  scale  are  often  produced  at  ihe  corners  of 
streets  in  dtics,  and  are  occasioned  by  a  gust  of  wind  sweeping  round 
a  building,  and  striking  the  calm  air  beyond- 

The  whirl  of  a  torruido  or  whirlwind  appears  to  originate  in  the 
higher  regions  of  the  atmosphere  1  it  increases  in  velocity  as  it 
descends,  its  base  gradually  approaching  the  earth,  until  it  rests  upon 
the  surface. 

561.  A  water-spout  is  a  whirlwind  over  the  surface 
of  water,  and  dif-  what  its 
fers  from  a  whirl-  «■««-("''« 
wind  on  land  in  the  fact 
that  water  is  subjected  to 
the  action  of  the  wind,  in- 
stead of  objects  on  the  sur- 
'  face  of  the  earth.  In  diame- 
ter the  spout  at  the  base 
ranges  from  a  few  feet  to 
several  hundreds,  and  its 
altitude  is  supposed  to  be 
often  upward  of  a  mile. 

When  an  observer  is  neat  10  the 
spout,  a  loud  hissing  noise  is  heard,  and  (he  interior  of  the  column 
seems  to  be  traversed  by  a  rushing  stream. 
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The  successive  appearances,  of  a  water-spout'  are  as  follows :  At 
first  it  appears  to  be  a  dark .  cone»  extending  from  the  clouds  to  the 
water ;  then  it  becomes  a  column  uniting  with  the  water.  After  con- 
tinuing for  a  little  time,  the  column  becomes  disunited,  the  cone  re- 
appears, and  is  gradually  drawn  up  into  the  clouds.  These  various 
changes  are  represented  in  Fig.  207.  It  is  a  conunon  belief  that  water 
is  sucked  up  by  the  action  of  the  spout  into  the  clouds ;  but  it  is  only 
the  spray  from  the  broken  waves  that  is  carried  up. 


CHAPTER   XIII. 

LIGHT. 

562.  Light  is  the  physical  agent  which  occasions, 
by  its  action  upon  the  eye,  the  sensation  what  is 

of  vision.  **«^*  •' 

Light  not  only  occasions  vision,  but  also  effects  important  chemical 
changes.  It  is  necessary  to  the  existence  of  plants,  and  many  animals 
can  not  live  without  it. 

563.  Optics  is  the  name  given  to  that  depart- 
ment of  physical  science  which  treats  of  „,^    . 

^    -^  What  is  the 

vision,  and  of  the  laws  and  properties  of  science  of 

T    1  ^  optics  ? 

light. 

564.  Light  is  a  form  of  motion ;  and,  according 
to  a  theory  now  generally  accepted,  and  how  is  light 
called  the  Undulatory  Theory,  it  is  supposed  thru"iduta^^ 
that  there  exists  throughout  all  space  an  ^o^y theory? 
ethereal,  elastic  fluid,  which,  like  the  air,  is  capable 
of  receiving  and  transmitting  undulations  or  vibra- 
tions. These,  reaching  the  eye,  affect  the  optic 
nerve,  and  produce  the  sensation  which  we  call  light. 

According  to  this  theory,  there  is  a  striking  analogy  between  the 
eye  and  the  ear;  the  vibrations,  or  undulations  of  the  ethereal  medium, 
being  supposed  to  pass  along  the  space  intervening  between  the  visible 
object  and  the  eye,  in  the  same  manner  that  the  undulations  of  the  air, 

3>5 
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produced  by  a  sounding  body,  pass  through  the  air  between  it  and  the 
ear.  But  while  in  the  case  of  sound  the  vibrations  take  place  in  the 
direction  in  which  the  sound  is  propagated,  in  light  the  particles  of 
ether  vibrate  to  and  fro  at  right  angles  to  the  motion  of  the  wave,  as 
is  the  case  with  waves  in  water,  or  with  vibrations  of  a  stretched  cord 
set  in  motion  by  drawing  a  bow  across  it. 

565.  The  chief  sources  of  light  are  the  sun,  the 
What  are  stars,  fire  or  chemical  action,  and  phospho- 
the  chief        resccncc. 

sources  of  ^^^.v.  *v.x^. 

light? 

Under  the  head  of  chemical  action  are  included  all 

the  forms  of  artificial  light  which  are  obtained  by  the  burning  of 
bodies.  Examples  of  light  produced  by  phosphorescence,  as  it  is 
called,  are  seen  in  the  glow  of  old  and  decayed  wood,  dead  salt-water 
fish,  in  many  mineral  substances  after  having  been  exposed  to  the  light 
of  the  sun,  and  in  the  light  emitted  by  fire-flies  and  some  marine  ani- 
mals. In  living  animals  this  phenomenon  is  probably  due  to  chemical 
action.     Phosphorescence  is  not  accompanied  by  sensible  heat. 

566.  All  bodies  are  either  luminous  or  non-lumi- 
nous. 

Luminous  bodies  are  those  which  shine  by  their 
t  is         ^^"  ^^S^^ »  such,  for  example,  as  the  sun, 
luminous       the  flame  of  a  candle,  metal  rendered  red- 
"^'^  hot.  &c. 

All  solid  bodies,  when  exposed  to  a  sufficient  degree  of  heat,  become 
luminous.  All  solids  begin  to  emit  light  at  the  same  degree  of  heat ; 
viz.,  977°  of  Fahrenheit's  thermometer.  As  the  temperature  rises, 
the  brilliancy  of  the  light  rapidly  increases,  so  that  at  a  temperature  of 
2,600°  it  is  almost  forty  times  as  intense  as  at  1,900°.  Gases  must  be 
heated  to  a  much  greater  extent  before  they  begin  to  emit  light. 

567.  Non-luminous   bodies   are   those  which   pro- 

what  i  ^^^^  ^^  ^^S^^  themselves,  but  which  may 

non-iumi-       bc  rendered  temporarily  luminous  by  being 

o  y      placed  in  the  presence  of  luminous  bodies. 
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Thus  the  sun,  or  a  candle,  renders  objects  in  an  apartment  lumi- 
nous, and  therefore  visible  ;  but  the  moment  the  sun  or  candle  is  with- 
drawn they  become  invisible. 

568.  Transparent   bodies  are  those  which  do  not 
interrupt  the  passage   of  light,  or  which  ^j^^^^^ 
allow   other   bodies   to   be   seen    through  transparent 
them.     Glass,  air,  and  water  are  examples 

of  very  transparent  bodies. 

569.  Opaque  bodies  are  those  which  do  not  permit 
light  to  pass  through  them.     The  metals,  ^^^^ 
stone,  earth,  wood,  &c.,  are  examples  of  opaque 

.       , .  bodies  ? 

opaque  bodies. 

Transparency  and  opacity  exist  in  different  bodies  in  very  different 
degrees,  and  depend  upon  the  molecular  constitution  of  the  body. 

Strictly  speaking,  there  is  no  body  which  is  perfectly  transparent 
or  perfectly  opaque.  Some  light  is  evidently  lost  in  passing  even 
through  space,  and  still  more  in  traversing  our  atmosphere.  It  has 
been  calculated  that  the  atmosphere,  when  the  rays  of  the  sun  pass 
perpendicularly  through  it,  intercepts  from  one-fifth  to  one-fourth  of 
their  light ;  but  when  the  sun  is  near  the  horizon,  and  the  mass  of  air 
through  which  the  solar  rays  pass  is  consequently  vastly  increased 
in  thickness,  only  -^-j  of  their  light  can  reach  the  surface  of  the  earth. 
If  our  atmosphere,  in  its  state  of  greatest  density,  could  be  extended 
rather  more  than  seven  hundred  miles  from  the  earth^s  surface,  instead 
of  forty  or  fifty  as  it  is  at  present,  the  sun's  rays  could  not  penetrate 
through  it,  and  our  globe  would  roll  on  in  darkness.  Bodies,  on  the 
contrary,  which  are  considered  perfectly  opaque,  will,  if  made  suffi- 
ciently thin,  allow  light  to  pass  through  them.  Thus  gold-leaf  trans- 
mits a  soft  green  light. 

570.  Light,  from  whatever  source  it  may  be  de- 
rived, moves,  or  is  propagated,  in  straight  in  what 
lines,  so  long  as  the  medium  it  traverses  ught^propa- 
is  uniform  in  density.  gated? 

If  we  admit  a  sunbeam  through  a  small  openiiig  into  a  darkened 
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chamber,  the  path  which  the  light  takes,  as  defined  by  means  of  the 
dust  floating  in  the  air,  is  a  straight  line. 

It  is  for  this  reason  that  we  are  unable  to  see  through  a  bent  tube, 
as  we  can  through  a  straight  one. 

In  taking  aim,  also,  with  a  gun  or  arrow,  we  proceed 
upon  the  supposition  that  light  moves  in  straight  lines, 
and  try  to  make  the  projectile  go  to  the  desired  object 
as  nearly  as  possible  by  the  path  along  which  the  light 
comes  from  the  object  to  the  eye. 

Thus,  in  Fig.  208,  the  line  A  B,  which  represents  the 
line  of  sight,  is  also  the  direction  of  a  line  of  light  passing  in  a  per- 


What  prac- 
tical applica- 
tions are 
made  of  the 
movement 
of  light  in 
straight 
lines  ? 


Fig.  208. 

fectly  straight  direction  from  the  object  aimed  at  to  the  eye  of   the 
marksman. 

A  carpenter  depends  upon  this  same  principle  for  the  purpose  of 
determining  the  accuracy  of  his  work.  If  the  edge  of  the  plank  be 
straight  and  uniform,  the  light  from  all  points  of  its  surface  will  come 
to  the  eye  regularly  and  uniformly;  if  irregularities,  however,  exist, 
they  will  cause  the  light  to  be  irregular,  and  the  eye  at  once  notices 
the  confusion,  and  the  point  which  occasions  it. 

571.  A  ray  of  light  is  the  straight  line  along  which 
What  is  a  light  passes  from  any  luminous  body.  It 
ray  of  light?    j^^g  ^^  material  existence,  but  is   merely 

direction. 

A  luminous  body  is  said  to  radiate  its  light,  because  the  light  issues 
from  it  in  every  direction  in  straight  lines. 

When  rays   of  light   radiate  from    any  luminous 

Explain  the  body,  they  diverge  from  one  another,  or 

©rrays  o^f*  ^hcy  Spread  over  more  space  as  they  recede 

light.  ivom  their  source. 
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Fig.  209  represents  the  manner  ot  the  divergence. 

A  collection  of  radiating  rays  of  light,  as  shown  in  Fig.  209,  c< 
stitutes  what  is  called  a  "pencil  of  light." 

A  thousand,  or  any  num- 
ber of  persons,  are  able  to  see  *^ij;j^^ 
the  same  object  at  the  same    ^f  permnB 
time,   because    it    throws   off    able  to  see 
from    its   surface  an  infinite   '^"  Vl'"t 
□umber  of   rays   in  all  direc-    lametimc? 
tions;    and  one   person  sees  .  p^. -w 

one  portion  of  these  rays,  and  another  person  another. 

Rays  of  light  which  continually  separate  as  they 
proceed  from  a  luminous  source  are  called  ^^^^  ^^ 
diverging  rays.  Rays  which  continually  i«y««»i(ito 
approach  each  other,  and  tend  to  unite  at  conJe'eSg,*' 
a  common  point,  are  called  converging  """p"'"*" 
rays.  Rays  which  move  in  parallel  lines  are  called 
parallel  rays. 


572.  When   rays   of   light,  radiated  from  a  lumi- 
nous point  through  the  surrounding  space,  wh»i  is  a 
encounter  an  opaque  body,  they  will  (on  "•■^"w? 
account  of  their  transmission   in  straight  lines)  be 
excluded  from  the  space  behind  such  a  body.     The 
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comparative    darkness    thus    produced    is  called  a 
shadow. 

When  the  luminous  body  is  Ui^eT  than  a  point,  a  secondary  shadow 
will  be  formed,  which  is  less  black  than  the  real  shadoir.  This  second- 
ary shadow  is  called  a  penumbra  (Fig.  210).  If  the  light-giving  sur- 
face be  larger  than  the  opaque  body,  the  shadow  of  Che  latter  will  ter' 
minate  in  a  point,  as  the 
shadow  of  C.  Bui,  when  the 
luminous  center  is  smaller 
than  the  opaque  body  cast- 
ing the  shadow,  the  shadow 
will  gradually  increase  in 
siie  with  the  distance,  with- 
out limit.  It  will  be  seen 
from  the  figure,  that,  the 
nearer  A  is  moved  towards 
the  luminous  body  C,  the 
wider  will  be  its  shadow. 
This  is  owing  to  the  tact 
that  it  will  intercept  more 
rays  of  the  light  given  out 
byB. 

This  may  be  illustrated 

by  the  sticks  of  a  fan.    Thus 

'"■  "'■  the  hand  at  B  (Fig.  211)  will 

covet  but  six  or  seven  of  the  sticks,  which  may  represent  rays  of  light 

On  moving  the  hand  toward  A  it  will  cover  a   larger  number,  and 

at  A  it  may  be  made  to  include  all  the  sticks. 

573.  The  intensity  of  light  depends  upon  the  amplitude  of  the 
vibrations  of  the  ether,  or  upon  the  distance  the  ether  particles  travel 
across  the  line  of  propagation.  It  will  be  seen  that  the  intensity  of 
light  is  explained  on  the  same  principles  as  the  pitch  of  sound. 

The  intensity  of  light  which  issues  from  a  lumi- 
Howdoe*  nous  point  diminishes  in  the  same  propor- 
S'ljht"'"*  t'on  as  the  square  of  the  distance  from  the 
v«r7'  luminary  increases. 

Thui,  if  a  certain  amount  of  lif;ht  will  iUuminate  a  sorfue  A  (Fig. 
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111),  at  a  distance  of  one  foot,  it 
times  as  large,  when  reoioved  t' 
At  a  distance  of  three  feet  it 
will  be  spread  over  a  surface 

each  case  the  light  will  be 
weakened  in  proportion  to 
the  square  of  the  distance- 
In  other  words,  the  amount  of 
illumination  at  the  distance 
of  one  foot,  from  a  single 
candle,  would  be  the  same  as 
that  from  four  or  nine  can- 
dles at  a  distance  of  two  or 
three  feet,  the  numbers  four 
and  nine  being  the  squares  of 
the  distances  two  and  three 
from  the  center  of  illumination, 
by  any  body  depends  also  upon  the  angle 
nys. 

574.  This  law,  therefore,  tmy  be  made  available  for  measuring  the 
relative  intensities  of  light  proceeding  from  different 
lources.    Thus,  in  order  to  ascertain  the  relative  quanti-   p^jnciple 
lies  of  light  furnished  by  two  different  candles,  as,  for    »By  the 
faample,  a  wax  and  a  tallow  candle,  place  two  disks  or   f'i^*'',!' 
sheets  of  white  paper  a  few  feet  apart  on  a  wall,  and   g[  dlfr«rcat 
throw  the  light  of  one  candle  on  one  disk,  and  the  light   lumioout 
of  the  other  candle  upon  the  other  disk.     If  ihey  are  of   ""^^^^ 
unequal  illuminating  power,  the  candle  which  affords 
the  most  light  must  be  moved  back  until  ihe  two  disks  are  equally 
illuminaied.    Then,  by  measuring  the  distance  between  each  candle 
and  the  disk  it  illuminates,  the  luminous  intensities  of  the  two  candles 
may  be  calculated,  their  relative  intensities  being  as  the  squares  of 
their  distances  from  the  illuminated  disks.    If,  when  the   disks  are 
equally  illuminated,  the  distance  from  one  candle  to  its  disk  is  double 
lie  distance  of  the  other  candle  from  its  disk,  then  the  first  candle  is 
four  times  more  luminous  than  the  second ;  If  the  distance  be  triple. 
If  is  nine  times  more  luminous,  and  so  on. 

Instruments  called  "photometers,"  operating  in  a  similar  manner, 
have  also  been  constructed  for  measuring  the  relative  intensity  of  two 


• 
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luminous  bodies.  Their  arrangement  and  plan  of  operation  is  sub* 
stantially  the  same  as  in  the  method  described. 

575.  The   light  of  the  sun  to  the  inhabitants  of 
the  earth  greatly  exceeds  in  intensity  that 
most  intense  derived  f  rom  any  other  luminous  body. 

light  known  ? 

In  comparison  with  some  of  the  fixed  stars  our  sun 

is,  however,  undoubtedly  much  inferior  as  a  light-giving  body.  In 
order  to  appear  equally  bright  with  the  star  Capella  (a  star  in  the 
constellation  of  Auriga),  the  sun  would  have  to  be  removed  two  hun- 
dred and  thirty-six  thousand  times  its  present  distance  from  the  earth. 
The  greater  number  of  stars  are  removed  four  or  five  times  this  dis- 
tance; so  that  the  sun  would  appear  under  like  circumstances,  as 
respects  distance,  as  a  star  almost  invisible  to  the  naked  eye. 

The  light  of  the  full  moon  has  been  estimated  as  six  hundred  and 
nineteen  thousand  times  less  intense  than  that  of  the  sun. 

During  the  day  the  intensity  of  the  sun's  light  is  so  great  as  to 
entirely  eclipse  that  of  the  stars,  and  render  them  invisible ;  and  .for 
the  same  reason  we  only  notice  the  light  emitted  by  fire-flies  and  phos- 
phorescent bodies  in  the  dark. 

Are  the  57^'  Light  does   not   pass    instantane- 

movements  ously  through  space,  but  requires  for  its 

instanta-  passage  froHi  one  point  to  another  a  car- 

"^"■'  tain  interval  of  time. 

With  what  ^^^  velocity  of  light  is  at  the  rate  of 
velocity  does  about  One  hundred   and   eighty-six  thbu- 

light  travel?  1        m         •  1      r   ^< 

sand  miles  in  a  second  of  time. 

Light  occupies  about  eight  minutes  in  traveling  from  the  sun  to  the 
What  are        c^irtl^'    To  pass,  however,  from  the  planet  Uranus*  to  the 
illustrations     earth,  it  would  require  an  interval  of  three  hours, 
of  the  veio-  The   time  required  for  light  to  traverse  the  space 

ci  y  o  ig  t  intervening  between  the  nearest  fixed  star  and  the  earth 
has  been  estimated  at  3^  years ;  and  from  the  farthest  nebulae  a  period 
of  several  hundred  years  would  be  requisite,  so  immense  is  their  dis- 
tance from  our  earth.  If,  therefore,  one  of  the  remote  fixed  stars  were 
to-day  blotted  from  the  heavens,  several  generations  on  the  earth 
would  have  passed  away  before  the  obliteration  could  be  known  to  man. 
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The  following  comparison  between  the  velocity  of  light  and  the 
speed  of  a  locomotive-engine  has  been  instituted :  Light  passes  from 
the  sun  to  the  earth  in  about  eight  minutes ;  a  locomotive-engine, 
traveling  at  the  rate  of  a  mile  in  a  minute,  would  require  upward  of 
one  hundred  and  eighty  years  to  accomplish  the  same  journey. 

577.  The  velocity  of  light  was  first  determined  by 
Von  Roemer,  an  eminent  Danish  astrono-  who  first 
mer,  from  observations  on  the  satellites  of  thr^rocfty 
Jupiter.  of  light? 

The  method  by  which  Von  Roemer  arrived  at  this  result  may  be 
explained  as  follows :  The  planet  Jupiter  is  surrounded 
by  several  satellites,  or  moons,  which  revolve  about  it  in    mShod  by* 
certain  definite  times.    As  they  pass  behind  the  planet   which  the 
they  disappear  from  the  sight  of  an  observer  on  the    yelocity  of 
earth,  or,  in  other  words,  they  undergo  an  eclipse.  detcrmuTcd 

The  earth  also  revolves  in  an  orbit  about  the  sun,  from  the 
and,  in  the  course  of  its  revolution,  is  brought  at  one  «cl>psc  of 
time  192,000,000  miles  nearer  to  Jupiter  than  it  is  at  satellites, 
another  time,  when  it  is  in  the  most  remote  part  of  its 
orbit.  Suppose,  now,  a  table'to  be  calculated  by  an  astronomer,  at 
the  time  of  year  when  the  earth  is  nearest  to  Jupiter,  showing,  for 
twelve  successive  months,  the  exact  moment  when  a  particular  satellite 
would  be  observed  to  be  eclipsed  at  that  point.  Six  months  after- 
ward, when  the  earth,  in  the  course  of  its  revolution,  has  attained  a 
point  192,000,000  miles  more  remote  from  Jupiter  than  it  formerly 
occupied,  it  would  be  found  that  the  eclipse  of  the  satellite  would 
occur  sixteen  minutes,  or  960  seconds,  later  than  the  calculated  time. 
This  delay  is  occasioned  by  the  fact  that  the  light  has  had  to  pass  over 
a  greater  distance  before  reaching  the  earth,  than  it  did  when  the  earth 
was  in  the  opposite  part  of  its  orbit ;  and,  if  it  requires  sixteen  min- 
utes to  pass  over  192,000,000  miles,  it  will  require  one  second  to  move 
over  200,000  miles.  When,  on  the  contrary,  the  earth,  at  the  end  of 
the  succeeding  six  months,  has  assumed  its  former  position,  and  is 
192,000,000  miles  nearer  Jupiter,  the  eclipse  will  occur  sixteen  min- 
utes earlier,  or  at  the  exact  calculated  time  given  in  the  tables.  The 
velocity  of  light,  therefore,  in  round  numbers,  may  be  considered  as 
200,000  miles  per  second.*     A  more  exact  calculation,  founded  on 

*  The  explanation  above  given  will  be  made  clear  by  referent  to  the  following 
diagram.  Fig.  8x3.    S  represents  the  sun,  0  ^  the  orbit  of  die  eard),'and  T  T'  the 
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perfectly  accurate  data,  gives,  as  the  true  velocity  ol  light,  iS6,00Q 
miles  per  second. 

Several  other  plans  have  been  devised  for  delermining  the  velocity 
of  light,  the  results  of  which  agree  very  nearly  with  those  obtained  by 
the  observations  on  the  satellites  of  Jupiter.* 

578.  When  a  ray  of  light  strikes  against  a  surface, 
wbanu  ^"'^  '^  caused  to  turn  back  or  rebouni^  in 
iiiht  a  direction  different  from  whence  it  pro- 

ceeded, it  is  said  to  be  reflected. 

potltioD  of  Ihe  einb  al  diairent  and  oppoiite  poba  of  iu  oiIhl    J  rtptoeati  Jupinr, 
and  E  in  latcllile,  about  10  be  eclipsed  by  pauiii  wiibio  the  ibadov  of  the  planet. 

mitut  II  which  the  latellile  would  appear,  10  an  observer  on  ihe  earth,  to  enRr  01 
annge  from  Ihe  ibadow  of  ibe  planeL    IT  the  uantmiuion  of  liihl  were  uutantaneoDi, 


ric.  2,3. 
k  ii  obvioiu  that  an  obierver  ai  T',  Ihe  moit  remote  pan  of  Ihe  eaith'i  ocbit,  would  Ke 
the  tdipte  be^  and  end  al  Ihe  same  moment  u  u  obierver  u  T.  the  part  of  ibe 
eanh'a  oibii  nearesi  10  Jupiter,    Tbis,  however,  is  not  cbe  case,  but  ibe  observer  at  T' 
aes  the  eclip«  96a  seconds  later  than  the  oLnerver  at  T;  and,  ai  the  diionce  belweeti 

199,000,000  .4-  960  =  200.000. 

*  A  very  inEenioui  plan  was  dcvlicd  a  few  years  since  by  M,  Fiieau  of  Patii,  by 

solar  light.  A  disk  ot  wheel,  carrying  a  certain  number  of  tceih  upon  iis  circumfer- 
ence, was  made  to  revolve  at  a  known  rate ;  placing  a  lube  behind  these,  and  Uniting 

velocity  of  the  moving;  wheel,  until,  at  a  certain  speed,  the  whole  edge  appears  irans- 

ihne  occupied  while  one  tooth  passes  id  take  the  place  of  Ibe  one  next  to  it.  A  ray  of 
li^l  b  made  10  traverse  many  miles  through  space,  and  then  passes  throiLgh  ibe  teeth 
of  the  im4ving  diik.    Ii  moves  the  whole  distance  in  juai  the  dine  occupied  in  the 
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579.  When  rays  of  light  are  retained  upon  the 
surface  upon  which  they  fall,  they  are  said  ^^^^^  ^^ 
to  be  absorbed ;  in  consequence  of  which  ftburptton 
their  presence  is  not  made  sensible  by  **    ' 
reflectipn. 

Light  which  is  absorbed  by  a  body  is  changed  into  heat. 

580.  It  was  stated  in  §  12,  that  all  matter  is  composed  of  atoms  and 
molecules,  which  are  continually  in  a  state  of  vibration. 

The  molecules  of  each  element  have  a  certain  period  of  vibration, 
which  is  peculiar  to  the  particles  of  that  element,  and  belongs  to  no 
other.  As  a  string  of  a  piano,  when  tuned  to  sound  D,  as  long  as  it 
retains  the  conditions  proper  to  the  production  of  that  note  will  sound 
no  other,  so  the  molecules  of  a  body  are  tuned,  as  it  were,  to  a  certain 
rate  of  vibration. 

The  ether,  by  means  of  which  heat  and  light  are  supposed  to  be 
propagated,  is  able  to  transfer  its  vibrations  to  the  molecules  of  a 
body,  provided  the  rates  of  vibration  are  the  same;  and  thus  the 
molecule  becomes  a  center  of  vibration,  producing  heat,  or,  if  the 
vibrations  be  sufficiently  rapid,  heat  and  light. 

More  definite  conceptions  of  the  terms  employed  in  the  beginning 
of  the  chapter  are  now  possible.  A  transparent  body  is  one  whose 
molecules  suffer  all  vibrations  which  produce  the  sensation  of  light  to 
pass  through,  without  accepting  any  vibration  from  the  ether.  An 
opaque  body  absorbs  all  light ;  that  is,  its  molecules  readily  accept 
vibratory  movements  from  the  ether,  but  these  vibrations  are  not 
sufficiently  rapid  to  make  the  absorbing  body  a  source  of  light.  When 
they  are  rapid  enough,  the  body  is  raised  to  incandescence,  and  itself 
gives  out  vibrations  of  light  and  heat 
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SECTION   I. 

REFLECTION  OF    LIGHT. 

581.  When  rays  of  light  fall  upon  any  surface, 
What  occurs  they  may  be  reflected,  absorbed,  or  trans- 
fliuV  on*  niitted.  Only  a  portion  of  the  light,  how- 
any  surface  ?  ever,  which  mccts  any  surface,  is  reflected, 
the  remainder  being  absorbed  or  transmitted. 

582.  When  the  portion  of  light  reflected  from  any 
When  does  a  surfacc,  or  point  of  a  surface,  to  the  eye, 
wwte^and"  '^  Considerable,  such  surface  or  point  ap- 
whcn  dark  ?  pears  white  ;  when  very  little  is  reflected, 
it  appears  dark-colored ;  but  when  all,  or  nearly  all, 
the  rays  are  absorbed,  and  none  are  reflected  back  to 
the  eye,  the  surface  appears  black. 

Thus  charcoal  is  black,  because  it  absorbs  all  the  light  which  falls 
upon  it,  and  reflects  none.  Such  a  body  can  not  be  seen  unless  it  is 
situated  near  other  bodies  which  reflect  light  to  it. 

According  to  a  variation  in  the  manner  of  reflecting  light,  the  same 
surface  which  appears  white  to  an  eye  in  one  position  may  appear  to 
be  black  from  another  point  of  view,  as  frequently  happens  in  the  case 
of  a  mirror,  or  of  any  other  bright  or  reflecting  surface. 

583.  All  bodies  not  in  themselves  luminous  be- 
How  are        comc  visible  by  reflecting  the  rays  of  light. 

non-lumi- 
nous bodies  It  is  by  the  irregular  reflection  of  light  that  most 

rendered  objects  in  nature  are  rendered  visible ;  since  it  is  by  rays 

^*^*    *  which  are  dispersed  from  reflecting  surfaces,  irregularly 

and  in  every  direction,  that  bodies  not  exposed  to  direct  light  are  illu- 
minated. If  light  were  only  reflected  regularly  from  the  surface  of 
non-luminous  bodies,  we  should  see  merelv  the  image  of  the  luminous 
object,   and  not  the   reflecting  surface.*    In  the  daytime  the  image 

•  In  a  very  good  mirror  we  scarcely  perceive  the  reflecting  surface  intervening 
between  us  and  the  images  it  shows  us. 
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at  the  lun  would  be  reflected  from  the  surface  of  all  objects  around 
OS,  as  if  tbey  were  composed  of  looking-glass,  but  the  objects  them- 
selves would  be  invisible.  A  room  in  which  artificial  lights  were 
placed  would  reflect  these  lights  from  the  walls  and  other  objects  as  if 
they  were  mirrors,  and  all  that  would  be  visible  would  be  the  multi- 
plied reflection  of  the  artificial  lights. 

The  atmosphere  reflects  light  irregularly,  and  every  particle  of  air 
is  a  luminous  center,  which  radiates  light  in  every  direc-   what  erfcci 
tion.     Were  it  not  for  this,  the  sun's  light  would  only   batthc 
illuminate  those  spaces  which  are  directly  accessible  to    Btn)o»phete 
its  rays,  and  darkness  would  instantly  succeed  the  dis-   ^u,ion 
appearance  of  the  sun  below  the  horizon.  oj  ligbt  ? 

584.  Any   surface   which   possesses  the  power  of 
reflecting  light  iq  the  highest  degree  is  wh«iu« 
called  a  Mirror.  "•""'' 

Mirrors  are  divided  into  three  general    classes, 
without  regard  to  the  material  of  which  imotiow 
they   consist ;     viz.,    plane,    concave,    and  ^'JJIi^^J" 
convex  mirrors.  divided? 

These  three  varieties  of  mirrors  are  represented  in  Fig.  214:   A 
being  plane,  like  an  ordinary  looking-glass;  B  con- 
cave, like  the  inside  of  a  watch-glass  ;  and  C 
like  the  outside  of  a  watch-glass. 

585.  When  light  falls  upon  a  plane 
and  polished  surface,  the  an-  whatuthe 
gle  of  reflection  is  equal  to  U^^g^Jlfn 
the  angle  of  incidence.  ofiigM? 

This    is    the  great  general   law  which  governs    | 
the  reflection  of  light,  and  is  the  same  as  that  which 
governs  the  motion  of  elastic  bodies. 

Thus,  in  Fig.  115,  let  E  C  be  the  direction  of  an  incident  ray  of 
light,  falling  on  a  mirror,  F  G.  It  will  be  reflected  in  the  direction 
CD.  If  we  draw  a  line,  P  C,  perpendicular  to  the  surface  of  the 
mirror,  at  the  point  of  reflection,  C,  it  will  be  found  that  the  angle  of 
incidence,  E  C  P,  is  precisely  equal  to  the  angle  of  reflection,  D  C  P. 
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It  will  be  seen  from  the  fignre  that  the  same  law  holds  good 
in  regard  to  every  form  of  surface,  curved  as  well  as  plane,  since 

a  curve  may  be  supposed  to  be 
j^.       formed  of   an  infinite  number  ol 
/  little  planes,  as  at  the  point  C,  Fig. 

215. 


F — 


586. 


Fig.  215. 


What  is 
meant  by 
an  image  ? 


An    image,  in   op- 
tics, is   the  fig- 
ure of  any  ob- 
ject    made     by 
rays  proceeding  from  the  several  points  of  it. 

587.  A  common  looking-glass  consists  of  a  glass 
What  is  a  plate,  having  smooth  and  parallel  surfaces, 
common         j^jj  J  coatcd  ou  the  back  with  an  amalgam  * 

looking-  *=' 

glass?  of  tin  and  quicksilver. 

The  images  formed  in  a  common  looking-glass  are 
How  cthe  "^^inly  produced  by  the  reflection  of  the 
images  rays   of  light   from   the   metallic   surface 

a  looking.       attached  to  the  back  of  the  glass,  and  not 
'^'"  ^  from  the  glass  itself. 

The  effect  may  be  explained  as  follows :  A  portion  of  the  light  inci- 
dent  upon  the  anterior  surface  is  regularly  reflected,  and  another  por- 
tion irregularly.  The  first  produces  a  very  faint  image  of  an  object 
placed  before  the  glass,  while  the  other  renders  the  surface  of  the 
glass  itself  visible.  Another  and  much  greater  portion,  however,  o£ 
the  light  falling  upon  the  anterior  surface,  passes  into  the  glass,  and 
strikes  upon  the  brilliant  metallic  coating  upon  the  back,  from  which 
it  is  regularly  reflected,  and,  returning  to  the  eye,  produces  a  strong 
image  of  the  object.  There  are,  therefore,  strictly  speaking,  two 
images  formed  in  every  looking-glass,  —  the  first  a  faint  one  by  the 
light  reflected  regularly  from  the  anterior  surface,  and  the  second  a 
strong  one  by  the  light  reflected  from  the  metallic  surface  ;  and  one  of 
these  images  will  be  before  the  other  at  a  distance  equal  to  the  thick- 


*  An  amalgam  is  a  mixture  or  compound  of  quicksilver  and  some  other  melat 
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nes3.  of  the  glass.  In  good  mirrors  the  superior  brilliancy  oi  the 
image  produced  by  the  metallic  surface  will  render  the  faint  image 
pgadw»d  by  the  anterior  surface  invisible;  but  in  glasses  badly  sil- 
vered the  two  images  may  be  easily  seen. 

If  the  surfaces  of  the  mirror  could  be  so  highly  polished  as  to 
reflect  regularly  all  the  light  incident  upon  it,  the  mirror  itself  would 
be  invisible,  and  the  observer,  receiving  the  reflected  light,  would  per- 
ceive nothing  but  the  images  of  the  pbjects  before  it.  This  amount 
of  polish  it  is  impossible  to  effect  artificially,  but  in  many  of  the  large 
plate^lass  mirrors  manufactured  at  the  present  time  a  high  degree  of 
perfection  is  attained.  Such  a  mirror,  placed  vertically  against  the  wall 
of  a  room*  appears  to  the  eye  merely  as  an  opening  leading  into 
another  room»  precisely  similar  and  similarly  furnished  and  illumi- 
nated ;  and  an  inattentive  observer  is  only  prevented  from  attempting 
to  walk  through  such  an  apparent  opening  by  encountering  his  own 
image  as  he  approaches. 

588.  A  plane  mirror  only  changes  the  direction  of 
the  rays  of  light  which  fall  upon  it,  with-  ^^  ^^^ 
out  altering  their  relative    position.      If  manner  docs 

•  .  *  plane 

they  fall  upon  it  perpendicularly,  they  will  mirror  reflect 
be  reflected  perpendicularly;  if  they  fall  "y^^'w^*'*^ 
upon  it  obliquely,  they  will  be  reflected  obliquely; 
the  angle  of  reflection  being  always  equal  to  the 
angle  of  incidence. 

If  the  two  surfaces  of  mirrors  are  not  parallel,  or   when  will 

uneven,  then  the  rays  of  light  falling  upon  it  will  not  be    the  image 

reflected  regularly,  and  the  image  will  appear  distorted.     ^°  •  looking- 
glass  ai^sear 

589.  We  always  seem  to  see  an  object  «"»*<»'*«i? 
in  the  direction  from  which  its  rays  enter  the  eye. 
A   mirror,  therefore,  which  by  reflection  howism 
changes  the  direction  of  the  rays  proceed-  apparent 
ing  from  an  object,  will  change  the  appar-  place  caused 
ent  place  of  the  object.  ^  reflection? 

Thus,  if  the  rays  of  a  candle  fall  obliquely  upon  a  mirror,  and  are 
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reflected  to  the  eye,  we  shall  seem  to  see  the  candle  in 
the  direction  in  which  tliey  proceed  after  reflection. 

If  we  lay  a  looking^lass  upon  the  floor  with  ii 


as  the  candle  itself  stands  above  the  glass.  The  rea 
that  the  incident  lays  from  Ihe  candle,  which  fall  upon  the  mirror, 
are  reflected  to  the  eye  in  the  same  direction  thai  they  would  have 
taken,  had  (hey  really  conw  from  a  candle  situated  as  much  below  the 
surface  of  the  glass  as  Ihe  flrst  candle  was  above  the  surface.  This 
fact  is  clearly  shown  by  referring  to  Fig.  2t6> 

When  we  look  into  a  plane  mirror  [Ihe  common  looking-glass),  the 
rays  of  light  which  proceed 
from  each  point  of  our  body 
before  the  mirror  will,  after 
reflection,  proceed  as  if  they 
came  from  a  point  holding  a 
corresponding  position  be- 
hind the  mirror,  and  there- 
fore produce  the  same  effect 
upon  the  eye  of  the  obsen'er 
as  if  they  had  actually  come 
from  that  point  The  image 
in  the  glass,  consequently, 
appears  to  be  at  Ihe  same 
distance  behind  the  surface  of 
the  glass,  as  the  object  is 
before  it 

Let  A,   Fig.   zl7,  be  any  '  "'' 

point  of  a  visible  object  placed  before  a  looking-glass,  M  N.      let 
A  E  and  A  C  be  two  rays  diverging  from  it,  and  reflected  from  B  and 
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C  to  an  eye  at  O.  After  reflection  they  will  proceed  as  if  thiey  had 
issued  from  a  point  a^  as  far  behind  the  surface  of  the  looking-glass  as 
A  is  before  it ;  that  is  to  say,  the  distance  A  N  will  be  equal  to  the 
distance  N  a. 

For  this  reason  our  reflection  in  a  mirror  seems  to  approach  us 
when  we  walk  toward  it,  and  to  retire  from  us  as  we  retire. 

Upon  the  same  principle,  when  trees,  buildings,  or  other  objects 
are  reflected  from  the  horizontal  surface  of  a  pond,  or  other  smooth 
sheet  of  water,  they  appear  inverted ;  since  the  light  of  the  object, 
reflected  to  our  eyes  from  the  surface  of  the  water,  comes  to  us  with 
the  same  direction  as  it  would  have  done,  had  it  proceeded  directly 
from  an  inverted  object  in  the  water. 

590.  The  quantity  of  light  reflected  from  a  given 
surface  is  not  the  same  at  all   angles    or  is  the  same 
inclinations.     When  the  angle  or  inclina-  q«*ntity 
tion  with  which  a  ray  of  light  strikes  upon  reflected  at 
a  reflecting  surface  is  great,  the  amount  of      *°^  ^ 
light  reflected  to  the  eye  will  be  considerable ;  when 
the  angle  or  inclination  is  small,  the  amount  of  light 
reflected  will  be  diminished. 

Thus,  for  example,  when  light  falls  perpendicularly  upon  the  sur- 
face of  glass,  twenty-five  rays  out  of  one  thousand  are  returned ;  but, 
when  it  falls  at  an  angle  of  85°,  five  hundred  and  fifty  rays  out  of  one 
thousand  are  returned. 

Thus  a  surface  of  unpolished  glass  produces  no  image  of  an  object 
by  reflection  when  the  rays  fall  on  it  nearly  perpendicularly ;  but,  if 
the  flame  of  a  candle  be  held  in  such  a  position  that  the  t^ys  fall  upon 
the  surface  at  a  very  small  angle,  a  distinct  image  of  it  will  be  seen. 

We  have  in  this  an  explanation  of  the  fact  that  a  spectator  stand- 
ing upon  the  bank  of  a  river  sees  the  images  of  the  opposite  bank  and 
the  objects  upon  it  reflected  in  the  water  most  distinctly,  while  the 
images  of  nearer  objects  are  seen  imperfectly  or  not  at  all.  Here  the 
rays  coming  from  the  distant  objects  strike  the  surface  of  the  water 
very  obliquely,  and  a  sufficient  number  are  reflected  to  make  a  sensible 
impression  upon  the  eye  ;  while  the  rays  proceeding  from  near  objects 
strike  the  water  with  little  obliquity,  and  the  light  reflected  is  not 
sufficient  to  make  a  sensible  impression  upon  the  eye. 
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This  fact  may  be  clearly  seen  by  reference  to  Fig.  218. 

Let  S  be  the  position  of  the  spectator,  O  and  B  the  position  of  dis-' 
Unt  objects.  The  rays  O  R  and  B  R,  which  proceed  from  them, 
strike  the  surface  of  the  water  very  obliquely ;  and  the  light  which  is 
reflected  in  the  direction-  R  S  is  sufficient  to  make  a  sensible  impres- 
sion upon  the  eye.    But  in  regard  to  objects,  such  as  A,  placed  near 


Fig.  218. 

the  spectator,  they  are  not  seen  reflected,  because  the  rays  A  R',  which 
proceed  from  them,  strike  the  water  with  but  little  obliquity ;  and  con- 
sequently the  part  of  their  tight  which  is  reflected  in  the  direction 
R'  S,  toward  the  spectator,  is  not  sufiicient  to  produce  a  sensible  im- 
pression upon  the  eye. 

591.  If  an  object  be  placed  between  two  parallel 
What  is  the  pl^^^  mirrors,  each  will  produce  a  reflected 
effect  of  two  image,  and  will  also  repeat  the  one  re- 
piane  flectcd  by  the  other,  the  image  of  the  one 

mirrors  becoming  the  object  for  the  other.  A 
great  number  of  images  are  thus  produced ;  and,  if 
the  light  were  not  gradually  weakened  by  loss  at 
each  successive  reflection,  the  number  would  be 
infinite. 

If  the  mirrors  are  placed  so  as  to  form  an  angle  with  each  other, 
the  number  of  mutual  reflections  will  be  diminished  proportionably  to 
the  extent  of  the  angle  formed  by  the  mirrors.  To  find  the  number  of 
images  given  by  the  mirrors,  divide  360°  by  the  number  of  degrees  in 
the  angle  formed  by  the  two  mirrors.  The  quotient,  if  a  whole  num- 
ber, will  include  the.  images  and  the  object.    Thus  mirrors  so  placed 
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as  to  form  an  angle  of  90^  with  each  other  will  produce  three  images ; 
45^,  seven  images,  &c. 

The  construction  of  the  optical  instrument  called  the  kaleidoscope 
is  based  simply  upon  the  multiplication  of  an  image  by  Describe  the 
two  or  more  mirrors  inclined  toward  each  other.  It  kaleidoscope, 
consists  of  a  tube  containing  two  or  more  narrow  strips  of  looking* 
glass,  which  run  through  it  lengthwise,  and  are  generally  inclined  at 
an  angle  of  about  sixty  degrees.  If  at  one  end  of  the  tube  a  number 
of  small  pieces  of  colored  glass  and  other  similar  objects  are  placed, 
they  will  be  reflected  from  the  mirrors  in  such  a  way  as  to  form  regular 
and  most  elegant  combinations  of  figures.  An  endless  variety  of  sym- 
metrical combinations  may  be  thus  formed,  since  every  time  the  instru- 
ment is  moved  or  shaken  the  objects  arrange  themselves  differently, 
and  a  new  figure  is  produced. 

Upon  the  surface  of  smooth  water  the  sun,  when  it  is  nearly  ver- 
tical, as  at  noon,  appears  to  shine  upon  only  one  spot,    -^j^y  ^^^ 
all  the  rest  of  the  water  appearing  dark.    The  reason  of   the  sun 
this  is,  that  the  rays  fall  at  various  degrees  of  obliquity    appear  at 
on  the  water,  and  are  reflected  at  similar  angles ;  but,  as    "* only  one 
only  those  which  meet  the  eye  of  the  spectator  are  visi-   point  upon 
ble,  the  whole  surface  will  appear  dark,  except  at  the   the  surface 
point  where  the  reflection  occurs. 

Thus,  in  Fig.  219,  of  the 
rays  S  A,  S  B,  and  S  C,  only 
the  ray  S  C  meets  the  eye  of 
the  spectator,  D.  The  point 
C,  therefore,  will  appear  lumi- 
nous to  the  spectator  D,  but 
no  other  part  of  the  surface. 

Another  curious  optical 
phenomenon  is  seen  when  the 
rays  of  the  sun  or  moon  fall 
at  an  angle  upon  the  surface 
of  water  gently  agitated  by 
the  wind.  A  long,  tremulous 
path  of  light  seems  to  be 
formed  toward  the  eye  of  the 
spectator,  while  all  the  rest 

of  the  surface  appears  dark.     The  reason  of  this  appearance  is, 
that  every  little  wave,  in  an  extent  perhaps  of  miles,  has  some  part 
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of  its  rounded  surface  with  the  direction  or  obliquity,  which,  according 
to  the  required  relation  of  the  angles  of  incidence  and  reflection,  fits 
it  to  reflect  the  light  to  the  eye ;  and  hence  every  wave  in  that  extent 
sends  its  momentary  gleam,  which  is  succeeded  by  others. 

Wh  t  it  59^*  ^  concave  mirror  may  be  consid- 

eoncave         ered  as  the  interior  surface  of  a  portion 
or  segment  of  a  hollow  sphere. 

This  is  clearly  shown  in  Fig.  220. 

A  concave  mirror  may  be  repre- 
sented by  a  bright  spoon,  or  the 
reflector  of  a  lantern. 

When    parallel    rays    of 

How  .re  ^^S^^     ^^11      Upon 

parallel  rayt     the  SUrfaCC    of    a 
reflected 

from  a  con-     concavc    mirror, 

cave  mirror?     ^j^^^    ^^^   j.^g^^^_ 

ed,  and  caused  to  converge 

^^^'  ****  to  a  point  half-way  between 

the  center  of  the  surface  and  the  center  of  the  curve 

of  the  mirror.     This  point  in  front  of  the  mirror  is 

called  the  principal  focus  of  the  mirror. 

Thus,  in  Fig.  220,  let  i,  2,  3,  4,  &c.,  be  parallel  rays  falling  upon  a 
concave  mirror:  they  will,  after  reflection,  be  found  converging  to 
the  point  0,  the  principal  focus,  which  is  situated  half-way  between  the 
center  of  the  surface  of  the  mirror  and  the  geometrical  center  of 
the  curve  of  the  mirror,  <?. 

593.  In  optics  the  positions  of  an  object  and 
What  are  its  image  are  always  interchangeable,  and 
fad?'***       these  positions  are  called  conjugate  foci. 

Thus  in  Fig.  220,  if  the  luminous  body,  instead  of  being  at  an 
infinite  distance  as  would  be  the  case  with  an  object  giving  parallel 
rays,  be  placed  at  the  point  0,  the  rays  will  be  reflected  parallel.  In 
Fig.  333  the  points  s  and  S  are  conjugate  foci. 
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This  principle  is  taken  advantage  of  in  the  arrangement  of  the 
illuminating  and  reflecting  apparatus  of  light-bouses.  The  tamps  are 
placed  before 

ror,  b  its  prin- 

and  the  rays  of 
light  proceed- 
ing from  them 
are  reflected 
parallel  from 
the  sarf  ace  of 
the  minor.  Fic.  311. 

594,  Concave  mirrors  are  sometimes  designated  as 
"burning  mirrors,"  since  the  rays  of  the  viniywe 
sun  which  fall  upon  them  parallel  are  re-  eoortve 

nil  If  .-  mirror* 

fleeted  and  converged  to  a  focus  (fire-  caiKdmun- 
place),  where  their  light  and  heat  are  in-  '"<"'""•' 
creased  in  as  great  a  degree  as  the  area  of  the 
mirror  exceeds  the  area  of  the  focus.* 

595.  Diverging  rays  of  light,  issuing  from  a  lumi- 
nous body  placed  at  the  center  of  the  in  what 
curve  of  a  concave  spherical  mirror,  will  ^'^aj" 
be  reflected  back  to  the. same  point  from  ")'»f«*'^«' 
which  they  diverged.  '  cavemiim? 

Thus,  if  A  B,  Fig.  iiz,  were  a  concave  spherical  mirror,  of  which 

*  A  buroidg  nurror,  twenly  iachfts  id  diameter,  conalrucled  of  pUster  of  ParB, 
£ilt  and  bunushed,  hu  beat  (bund  capable  of  igaidng  linder  at  a  diiunn  of  ^(ty  ffiet. 
It  11  Tinted  thtic  ATchimedo,  the  philowphcr  of  SyracuK.  employed  buraiiiE  minDn 
two  bundled  rean  bdbce  ihe  Chmiianen.  tode&utry  ihebeaiegint  navTorMaitellut, 
.  dbc  Ramu  emsul :  lui  mrttor  was  probably  consitucted  of  a  ^rcal  number  of  flat 
fona.  The  ncal  remarkable  experiments,  however,  of  thii  lunin,  were  made  by 
Bullbn,  the  embcnt  French  naturaliit,  who  had  a  machuie  conipoted  of  ifiS  Imdl 
-pfanimlnOTt,  loaiTKiged  thii  ihey  all  reHected  radiant  heat  10  the  lame  fonii.  By 
'.  haauorilui'caabitiuiaiDf  iefle<nnig  lurbcei  be  was  able  m  istoopdaD  Br  U  the 
dittnct  sf  109  tei,  n>  mell  lead  «  bo*  bundttd  fwt,  and  >Um  al  fifty  feel. 
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C  were  the  center,  nyi  issuing  from  C  would,  in  obedience  to  the  Uw 
that  t\e  angles  of  incidence  and  reflection  are 
equal,  meet  again  at  C. 

When  the  rajs  issue  from  a  point,  S,  Fig. 
C  321,  beyond  the  center,  C,  of  the  curve  of 
the  mirror,  they  will,  after  reSection,   con- 
verge to  a  focus,  1,  between  the  principal 
focus,  F,  and  the  center  of  the  curve,  C. 
On  the  contrary,  if  the  rays  issue  from  a  point  between  the  princi- 
pal focus,  F,  and  the  surface  of  the  mirror,  they  vrill  diverge  abet 
i«flectioa-    (Fig'  IIJ-) 

596.  When  an  object  is  placed  between  a  concave 

WbenwUl 


maciil&MI? 

mirror  and 
its  princi- 
pal focus, 
the    image 

will  appear  '"^  "'■ 

larger  than  the  object,  in  an  erect  position  and  behind 
the  mirror. 

This  will  be  ap- 
parent from  Fig. 
iJ4.  Let  A  B  be 
an  object  situated 
within  the  .focus 
of  the  mirror. 
The  ra)-a  from  its 
extremities  will 
fall  divergent  on 
the  mirror,  and  be 
reflected  less,  di- 
vergent as -tlwvgh 
■        ■   ■  ■    FiiLW4.-   ■■■:■■■■■■■-     ■     Jth»v-f>>«tM<M 
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from  an  object  'behind  the  mirror,  as  at  a  /•.    The  image  will  appear 
larger  than  the  object,  since  the  angle  of  vision  is  larger. 

If  the  raj's  proceed  from  a  distant  body,  as  at  A  B,   Fig.  125, 
beyond  the  cen' 
ter,    C,    of    a 
spherical    c  o  n- 

they  will,   after 


somewhat  near- 
er to  the  center, 
C,  than  the  prin- 
cipal  focus,  and 
there  paint  upon 
any    substance  ,. 

ceive  it  an  image  a  b  inverted,  and  smaller  than  the  object :  this  image 
will  be  very  bright,  as  all  the  light  incident  upon  the  mirror  will  be 
gathered  into  a  small  space.  As  the  object  approaches  the  mirror, 
the  image  recedes  from  it,  and  approaches  C  ;  and  when  situated  at 
C,  the  center  of  the  curve  of  the  mirror,  the  image  will  be  reflected 
as  large  as  the  object ;  when  it  is  at  any  point  between  C  and  F,  sup- 
posing F  to  be  the  focus  for  parallel  rays,  It  will  be  reflected,  enlai^d, 
and  more  distant  from  the  mirror  than  the  object,  this  distance  increas- 
ii^  until  the  object  arrives  at  F,  and  then  the  image  becomes  infinite, 
the  rays  being  reflected  parallel.* 

597.  When  an  object  is  farther  from  the  surface 
of  a  concave  mirror  than  its  principal  whaawm 
focus,, the  image  will  appear  inverted;  but,  JJa^'J" 
when  the  object  is  between  the  mirror  frommcon- 
and  its  principal  focus,  the  image  will  be  appaar 
upright,  and  increase  in  size  in  proportion  ^"j^n^ 
as  the  object  is  placed  nearer  to  the  focus.   •"=" 

*  In  all  the  cain  referred  Co,  of  Ibe  Tcflectiao  of  light  from  coDcavc  mimn,  tlH 
apfrtuR  01  cumluR  of  ihe  nunor  ii  preiuincd  10  tie  incoiuidenble.  If  it  be  incrcucd 
beytod  ■  ccRiin  limit,  Ih*  nyi  of  ligbi  rnddcDi  ujxia  it  an  modifiad  in  thdt  nikeiiao 
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The  fact  that  images  are  formed  at  the  foci  of  a  concave  mirror, 
and  that,  by  varying  the  distance  of  objects  before  the  surface  of  the 
mirror,  we  may  vary  the  position  and  size  of  the  images  formed  at 
such  foci,  was  often  taken  advantage  of  in  the  middle  ages  lo  astonish 
»nd  delude  the  ignorant.  Thus,  ihe  mirror  and  the  object  being  coif 
cealed  behind  a  curtain  or  a  partition,  and  the  object  strongly  illumi- 
nated, the  rays  from  the  object  might  be  reflected  from  the  mirror  in 
such  a  manner  as  to  pass  through  an  opening  in  the  screen,  and  come 
lo  a  focus  at  some  distance  beyond,  in  the  air.  If  a  cloud  of  smoke 
from  burning  incense  were  caused  to  ascend  at  tbis  point,  an  image 
would  be  foimed  upon  it,  and  appear  suspended  in  the  air  in  an 
apparently  supernatural  manner.  In  this  way  terrifying  apparitioiiB 
of  skulls,  daggers,  &c.,  were  produced 


598.  A  convex  mirror  may  be  considered 
convex  as  any  given  portion  of  the  exterior  sur- 

face of  a  sphere. 

The  principal  focus  of  a  convex  mirror  lies  as  far 
Whan  ii  the  behind  the  reflecting  surface  as  in  con- 
priDcii»i  cave  mirrors  it  lies  before  it.  (See  §  592.) 
convu  The  focus  in  this  case  is  called  the  virtual 

""  focus,  because  it  is  only  an    imaginary 

point,  toward  which  the  rays  of  reflection  appear  to 
be  directed. 


Thus  let  A  C  and  B  D,  Fig.  226,  be  parallel  rays  incident  upon  a 
convex  mirror,  whose  center  of  curvature  is  C.  These  rays  are  re- 
flected divergent,  in  the  directions  F  H  and  F  G,  as  though  they  pro- 
ceeded from  a  point  F,  behind  the  mirror,  corresponding  to  the  focus 

If  the  point  C  be  the  geometrical  center  of  the  curve  of  the  mirror, 
the  point  F  will  be  half-way  between  C  and  (he  surface  of  the  mirror : 
as  this  focus  is  only  apparent,  it  is  called  the  virtual  focus. 

Rays  of  light  falling  upon  a  convex  mir-  How  are 
ror,   diverging,   are    rendered    still    more  ^^j'Snver- 
divergent  by  reflection   from   its  surface;  ^"^' 
and  convergent  rays  are    reflected   either  irom»  too- 
parallel  or  less  convergent. 

599-  The  effect  of  convex  mirrors  is  to  produce  an 
erect    image, 
smaller   than 
the  object    it- 
self. 


ABbe   Wh«i..be 

natuieot 
an  Ob-  the  !ra»i;ei 
j  e  c  I  formed  by 

the  rays  proceeding 
from  it  will  be  re- 
flected  from    t  h  c 

though    they    pro-  .^___^_ . —  „  _ 

ceedcd  from  an  ob-  Pi^.  ^ 

ject  a  i  behind  the  '' 

mirror,  thus  presenting  an  image  Bioaller,  erect,  and  much  n 

minor,  than  the  object. 

Thus  the  globular  bottles  filled  with  colored  liquid,  in  the  t 
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a  drug-store,  exhibit  all  the  variety  of  moving  scenery  without,  such  as 
carriages,  carts,  and  people  moving  in  different  directions ;  the  upper 
half  of  each  bottle  exhibiting  all  the  images  inverted,  while  the  lower 
half  exhibits  another  set  of  them  in  the  erect  position.  A  highly- 
polished  metal  teapot  will  exhibit  the  same  phenomenon  (Fig.  227). 

Convex  mirrors  are  sometimes  called  dispersing  mirrors,  as  all  the 
rays  of  light  which  fall  upon  them  are  reflected  in  a  diverging  direction. 

600.  That  department  of  the  science  of  optics 
whatu  which  treats  of  reflected  light  is  often 
catoptrict?     designated  as  Catoptrics. 


SECTION   IL 

SINGLE  REFRACTION  OF  LIGHT. 

601.  Light  traverses  a  given  transparent  substance, 
What  it  such  as  air,  water,  or  glass,  in  a  straight 
refriwtion****  line,  provided  no  reflection  occurs,  and 
of  light?  there  is  no  change  of  density  in  the  com- 
position of  the  medium ;  but  when  light  passes  ob- 
liquely from  one  medium  to  another,  or  from  one 
part  of  the  same  medium  into  another  part  of  a 
different  density,  it  is  bent  from  a  straight  line,  or 
refracted. 

602.  A  medium,  in  optics,  is  any  substance,  solid, 
.  liquid,   or  gaseous,   through  which   light 

amadium         can  pSSS. . 
in  optics  ? 

A  medium  in  optics  is  said  to  be  dense  or  rare, 

according  to  its  power  of  refracting  light,  and  not  according  to  its 

specific  gravity.    Thus  alcohol,  olive-oil,  oil  of  turpentine,  and  the  like 

substances,  although  of  less  specific  gravity  than  water,  have  a  greater 

refractive  power :  they  are  therefore  called  denser  media  than  water. 

603.  The  fundamental  laws  which  govern  the  refraction  of  light 

may  be  stated  as  follows :  — 
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When  light  passes  from  one  medium  into  another, 
in  a  direction  perpendicular  to  the  surface,  wh»t  i»w« 
it  continues  on  in  a  straight  line,  without  Smcuoo' 
altering  its  course.  When  light  passes  ""'«'"' 
obliquely  from  a  rarer  into  a  denser  medium,  it  is 
refracted  toward  a  perpendicular  to  the  surface ;  and 
this  refraction  is  increased  or  diminished  in  propor- 
tion as  the  rays  fall  more  or  less  obliquely  upon  the 
refracting  surface. 

When  light  passes  obliquely  out  of  a  denser  into 
a  rarer  medium,  it  passes  through  the  rarer  medium 
in  a  more  oblique  direction,  and  farther  from  a  per- 
pendicular to  the  surface  of  the  denser  medium. 

Thus,  in  Fig.  128,  suppose  n  m  to  represent  the  surface  of  waier, 

and  S  O  a  lay  of  light  striking  upon  jts  sar- 

face.    When  the  ray  S  O  enters  the  water,    I 

it  will  no  longer  pursue  a  straight  course,    I 

but  will  be  refracted  or  bent  toward  the  per-   I 

pendicular  line  A  B,  in  the  direction  O  H.    I 

The  denser  the  water  or  other  fluid  may  be,    I 

the  more  Ihe  ray  S  O  H  will  be  refracted,    I 

or  turned  toward  A  B.    If,  on  (lie  contrary,    ' 

a  my  of  light,  H  O,  passes  from  the  water 

into  the  air,  its  direction  after  leaving  the  water  will  be  farther  from 
the  perpendicular  A  O,  in  the 
direction  O  S. 

The  effects  of  the  refraction 
of  light  may  be  illustrated  by 
the  lollowing  simple  experi- 
ment: Let  a  coin  or  any  other 
object  be  placed  at  Ihe  bottom 
of  a  bowl,  as  at  bi.  Fig.  119,  in 
such  a  manner  that  the  eye  at  a 
can  not  perceive  it,  on  account 
of  the  edge  of  the  bowl  which 
s  and  obstructs  the  rays  of  light.    If  now  an  attendant  care- 
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f'lUy  pours  water  into  the  vessel,  the  coin  rises  into  view,  just  'as  if 
the  bottom  o£  the  basin  had  been  elevated  above  its, real  leveL  Tbis 
is  oning  to  a  refraction  by  the  water  of  Ibe  rays  of  light  proceeding 
from  the  coin,  which  ate  thereby  caused  to  pass  to  the  eye  in  the 
direction  1 1.  The  image  of  the  coin  therefore  appears  at  «,  in  the 
direction  of  these  rays,  instead  of  at  m,  its  true  position. 

The  coin  will  seem  to  be  slightly  magnified,  because  it  appears  Co 
be  brought  nearer  the  eye,  and  hence  seen  under  a  larger  visual  angle. 

A  straight  stick,  partly  immersed  in  water,  appears  to  be  broken  or 


Kf..  jio. 

bent  at  the  point  of  immersion.  This  is  owing  to  the  fact  that  the  rays 
of  light  proceeding  from  the  part  of  Che  slick  contained  in  the  water 
are  refracted,  or  caused  to  deviate  from  a  straight  line,  as  they  pass 
from  the  u-atei  into  the  air;  consequently  that  portion  of  the  stick 
immersed  in  the  water  will  appear  to  be  lifted  u]>.  or  to  be  bent  in  such 
R  manner  as  to  form  an  angle  with  the  part  out  of  the  water.  For  the 
same  reason,  a  spoon  in  a  glass  of  water,  or  an  oar  ])aitial1y  immersed 
in  water,  always  appears  bent.     (Fig.  230.) 

A  river,  or  any  clear  water  viewed  obliquely  from  the  bank,  appears 
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■BOTE  shallow  than  it  reallj  ia,  aince  the  light  proceeding  fram  the 
objects  at  the  bottom  is  refracted  as  it  emerges  from  the  Kuiface  of 
the  wa.ter.  The  depth  of  water,  under  such  circumstances,  ia  about 
one-third  more  thm  tt  appe^Lrsi  and,  owing  to  this  optical  deception, 
penons  in  bathing  are  liable  to  get  beyond  theii  depth. 

604.  The  angle  of  refraction  of  light  is  not,  like 
the  angle  of  reflection,  equal  to  the  angle  i,th8«ogia 
of  incidence ;  but  it  is  nevertheless  sub-  <>*  "traetjon 
ject  to  a  definite  law,  which  is  called  the  angu  oi 
law  of  sines.  ""     " 

A  sine  is  a  right  tine  drawn  from  any  point  in  one  of  the  lines 
inclosing  an  angle,  perpendicular  to  the  other  line.  What  U 

Thus,  in  Fig.  Jji,  let  A  B  C  be  an  angle;  then  a  will    "sine' 
be  the  sine  of  that  angle,  being  drawn  from  a  point  in  the  line  A  B, 
perpendicular  to  the  line  B  C.    Two  angles 
may  be  compared  by  means  of  their  sines ) 
but,  whenever  this  is  done,  the  lengths  of 

the  sides  of  the  angles  must  be  made  equal,   ,  

because  the  sine  varies  in  length  according  Fic.  aji. 

to  the  length  of  the  lines  forming  the  angle. 

The  general  law  of  refraction  is  aa  follows :  — 

When  a  ray  of  light 
passes    from  „,„„,,, 

one    medium    gensrallaw 
. ,  of  refraction? 

to  another, 
the  sine  of  the  angle  of 
incidence  is  in  a  con- 
stant ratio  to  the  sine  of 
the  angle  of  refraction. 
The  proportion  or  relation 
between  these  sines  differs 
when  different  media  are  used; 
_^  but  for  the  same  medium  it  is 

always  the  same. 
Thus  in  Fig.  232  (he  ray  R  I  in  passing  from  air  into  water  will  not 
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ptmoc  the  Mniglit  pkth  I  R',  bat  *ill  be  bent  irt  the  direction  I  S. 

R'  F  is  tbe  eine  of  the  angle  of  incidence,  and  5  F  the  sine  of  the 

u^^eof  refraction. 

The  quotient  found  by  dividing  the  sine  of  the 

angle  of  incidence  by  the  sine  of  the  an- 

gle  01  refraction  is  called  the  index  of  re- 


rdrscUaoP 


fraction. 


As'diSerent  bodies  have  different  refractive  powers,  they  will  pre- 
sent different  indices,  but  in  the  wne  substance  it  a  alwaj^  constant. 
Thus  the  refractive  index  of  water  is  i-sss;  of  tlinl-glass,  1.57;  of  the 
diaraond,  2^77- 

!■  liglit  evtt  ^°  surface  ever  transmits  all  the  light  which  falls 

wti^r  upon  it,  but  a  portion  is  always  reflected. 

trusmhtad  ?  ^^  yfhen  the  obliquity  of  an  incident  ray  pa&sing 
through  a  denser  medium  toward  a  rarer  (as  through  water  into  air) 
dcr  what  >s  such  that  the  sine  of  its 
urn-  refracting  angle  is  equal  to 

d'Hiiffi"  "'"*'y  degrees,  it  ceases  to 
1  of  llf  ht  P^^  o"t,  and  is  reflected 
1"'  from    the    surface    of    the 

denser  medium  back  into  it  again.    This 
stilutes  the  only  known  instance  of  the 
total  reflection  of  light 

Thus  in  Fig.  133  the  ray  of  light  S  O 
does  not  emerge  from   the  water,  but   is 
'  "■■  'jj.  refracted  parallel  to  its  surface  in  the  direc- 

tion OR.  If  a  ray  be  caused  10  enter  in  the  direction  P  O,  it  is  to- 
tally reflected  from  the  surface  of 
the  water,  and  does  not  emerge. 
The  angle  at  which  retraction  ceas- 
es and  total  reflection  begins  is 
called  the  critiial  angle.  The  criti- 
cal angle  of  water  is  48°  35';  of 
glass,  40°  49' ;  of  the  diamond, 
23°  43'-  The  phenomenon  may  be 
seen  by  looking  through  the  sides 
of  a  tumbler  containing  water,  up 
to  the  surface  in  an  oblique  direc-  ^'^-  '"* 

tion,  when  the  surface  will  be  seen  to  be  opaque,  and  more  reflective 
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than  any  rirarrdt,  apptuing  tikte  a  sheet  of  bunushed  silver.    (Fig. 

If  we  tkke  a  prism  of  glass,  shaped  as  id  Fig.  235, 
and  allow  a  beam  of  light  to  fall  perpendicularly  on 
to  the  face  A  C,  it  will  form  an  angle  with  A  B  oi 
45^ ;  and,  since  this  angle  is  greater  than  the  critical 
angle  df  glads,  the  light  will  undergo  total  reflection, 
and  pass  through  the  face  C  B  without  suffering  any  y\g.  335.* 
refraction. 

606.  Light,   on   entering  the  atmosphere,   is  re- 
fracted in  a  greater  or  less  degree,  in  pro-  „,^    . 
portion  to  the  density  of  the  air;  conse-  atmospheric 
quently,  as  that  portion  of  the  atmosphere 
nearest  the  surface  of  the  earth  possesses  the  great- 
est density,  it  must  also  possess  the  greatest  refrac- 
tive power. 

From  this  cause  the  sun  and  other  celestial  bodies  are  never  seen 

in  their  true  situations,  unless  they  happen  to  be  verti-  ♦  eff    t 

cal ;  and,  the  nearer  they  are  to  the  horizon,  the  greater    y^^^  refrac- 

will  be  the  influence  of  refraction  in  altering  the  apparent   tion  upon 

place  of  any  of  these  luminaries.  *^®  position 

of  the  tun  ? 
This  forms  one  of  the  sources  of  error  to  be  allowed 

for  in  all  astronomical  observations ;  and  tables  are  calculated  for  find- 
ing the  amount  of  refraction,  depending  on  the  apparent  altitude  of 
the  object,  and  the  state  of  the  barometer  and  thermometer.  When 
the  object  is  vertical,  or  nearly  so,  this  error  is  hardly  sensible,  but 
increases  rapidly  as  it  approaches  the  horizon ;  so  that  in  the  morn- 
ing the  sun  is  rendered  visible  before  he  has  actually  risen,  and  in  the 
evening  after  he  has  set. 

For  the  same  reason,  morning  does  not  occur  at  the  instant  of  the 
sun*s  appearance  above  the  horizon,  or  night  set  in  as   what  it  the 
soon  as  he  has  disappeared  below  it.    But  both  at  morn-   cause  of 
ing  and  evening  the  rays  proceeding  from  the  sun  below   ^^HlKh*  ' 
the  horizon  are,  in  consequence  of  atmospheric  refraction,  bent  down 
to  the  surface  of  the  earth,  and  thus,  in  connection  with  a  reflecting 
action  of  the  particles  of  the  air,  produce  a  lengthening  of  the  day, 
termed  twilight. 
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As  the  density  of  the  air  diminishes  gradually  ujmwpd  from  the 
earth,  atmospheric  refraction  is  not  a  sudden  change  oi 
manner  it  direction,  as  in  the  case  of  the  passage  of  light  from 
light  refract-  air  into  water ;  but  the  ray  of  light  actually  describes  a 
ed  by  the  curve,  being  refracted  more  and  more  at  each  step  of  its 
a  mo»p  re  progress.  This  applies  to  the  light  received  from  a  dis- 
tant object  on  the  surface  of  the  earth,  which  is  lower  or  higher  than 
the  eye,  as  well  as  to  that  received  from  a  celestial  object;  since  it 
must  pass  through  air  constantly  increasing  or  diminishing  in  density. 
Hence,  in  the  engineering  operation  of  leveling,  this  refraction  must 
be  taken  into  consideration. 

607.  The  application  of  the  laws  of  refraction  of  light  accounts  for 
Explain  the  many  curious  deceptive  appearances  in  the  atmosphere, 
phenomena  which  are  included  under  the  general  name  of  mirage. 
of  mirage.  jj^  ^^^5^  phenomena  the  images  of  objects  far  remote 
are  seen  at  an  elevation  in  the  atmosphere,  either  erect  or  inverted. 
Thus  travelers  upon  a  desert,  where  the  surface  of  the  earth  is  highly 
heated  by  the  sun,  are  often  deceived  by  the  appearance  of  water  in 
the  distance,  surrounded  by  trees  and  villages.  In  the  same  manner 
at  sea,  the  images  of  vessels  at  a  great  distance  and  below  the  hori- 
zon will  at  times  appear  floating  in  the  atmosphere.  Such  appear- 
ances are  frequently  seen  with  great  distinctness  upon  the  great  Amer- 
ican lakes.  These  phenomena  appear  to  be  due  to  a  change  in  the 
density  of  the  strata  of  air  which  are  immediately  in  contact  with  the 
surface  of  the  earth.  It  frequently  happens  that  strata  resting  upon 
the  land  are  rendered  much  hotter,  and  those  resting  upon  the  water 
much  cooler,  by  contact  with  the  surface,  than  other  strata  occupying 
more  elevated  positions.  Rays,  therefore,  on  proceeding  from  a  dis- 
tant object,  and  traversing  these  strata,  will  be  unequally  reflected,  and 
caused  to  proceed  in  a  curvilinear  direction;  and  in  this  way  an 
object  situated  behind  a  hill,  or  below  the  horizon,  may  be  brought 
into  view,  and  appear  suspended  in  the  air. 

The  phenomena  of  mirage  may  be  readily  understood  by  reference 
to  Fig.  236,  in  which  c,  c'l  c'\  &c.,  represent  layers  of  air  of  unequal 
density.  A  ray  of  light  proceeding  from  A  undergoes  refraction  in 
passing  through  the  air,  and  proceeds  in  a  curved  direction  until  it 
arrives  at  O,  where  it  is  totally  reflected,  and  proceeds  to  the  eye  of 
the  horseman.  But,  as  an  object  always  appears  in  the  direction  in 
which  the  last  rays  proceeding  from  it  enter  the  eye,  two  images  will 
be  seen,  one  of  them  being  inverted. 
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Tbtee  pbenomena  may  be  Boraetimes  iiiiiu.ted.  Thus,  if  we  look 
•long  a  red-hot  bar  of  iron,  or  a  mass  of  heated  chatcoal,  at  some 
image  a  short  distance  from  it,  an  inverted  reflection  of  it  will  be  seen. 
In  the  same  manner,  if  we  place  in  a  glass  vessel  liquids  o£  different 
densities,  so  thai  they  iloat  one  above  another,  and  look  through  them 
at  some  object,  it  will  be  seen  distorted  and  removed  from  its  true 
place,  by  reason  of  the  unequal  refractive  and  reflective  powers  oE  Che 
liquids  employed. 

6oS.  All  highly  inflammable  bodies,  such  as  oils,  hydrogen,  the 
diamond,  phosphorus,  sulphur,  amber,  camphor,  &c.,  have  a  refractive 
power  from  ten  to  seven  times  greater  than  that  of  incombustible  sub- 
stances of  equal  density. 


Of  all  transparent  bodies,  the  diamond  possesses 
the  greatest  refractive  or  light-bending  power,  al- 
though it  is  exceeded  by  a  few  deeply-colored,  almost 
opaque,  minerals.  It  is  in  great  part  to  this  prop- 
erty that  the  diamond  owes  its  brilliancy  as  a  jewel. 

Many  years  before  the  combustibility  of  the  diamond  was  proved 
by  eitperimenf.  Sir  Isaac  Nevnon  predicted,  from  the  circumstance  of 
its  high  refractive  power,  fbat  it  would  ultimately  be  found  to  be 
inflammable. 

If  the  surface  of  any  naturally  transparent  body  is 
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made  rough  and  irregular,  the  rays  of  light  which  fall 
upon  it  are  refracted  and  reflected  so  irregularly,  that 
they  fail  to  penetrate  and  pass  through  the  substance 
of  the  body,  and  its  transparency  is  thus  destroyed. 

Glass  made  rough  on  its  surface  loses  its  transparency ;  but  if  we 
rub  a  ground-glass  surface  with  wax,  or  any  other  substance  of  nearly 
the  same  optical  density,  we  fill  up  the  irregularities,  and  restore  its 
transparency.  Horn  is  translucent,  but  a  horn  shaving  is  nearly 
opaque.  The  reason  of  this  is  that  the  surface  of  the  shaving  has  been 
torn  and  rendered  rough,  and  the  rays  of  light  falling  upon  it  are  too 
much  reflected  and  refracted  to  be  transmitted,  and  thereby  render  it 
translucent.  On  the  same  principle,  by  filling  up  with  oil,  the  pores 
and  irregularities  of  the  surface  of  white  paper,  which  is  opaque,  we 
render  it  nearly  transparent. 

According    to    the    flndulatory    theory  of    light, 

How  is  refraction    is   supposed    to   be   due  to  an 

accounted  alteration  in  the  velocity  with  which  the 
for?  i-g^y  Qf  Ugi^i;  travels. 

Thus  light  travels  less  rapidly  in  glass  than  in  water,  and  less 
rapidly  in  water  than  in  air.  The  greater  the  refractive  power  of  a 
substance,  the  more  are  light-waves  retarded  in  passing  through  it. 

609.  That  department  of  the  science  of  optics 
What  is  which  treats  of  the  refraction  of  light  is 
dioptrics?       termed  Dioptrics. 

610.  When  a  ray  of  light  passes  through  a  trans- 
what  ensues  parent  medium  whose  sides  where  the  ray 
when  light      eutcrs   and    emerges   are    parallel,  it  will 

passes  o  *  '^  ^ 

through  suffer  no  permanent  change  of   direction 

media  ^th        1  r  •  •  1  1  r 

parallel  by    rcfraction,    since   the    second    surface 

surfaces?  exactly  compcnsatcs  for  the  refractive 
effect  of  the  first. 

Thus  let  A  A,  Fig.  237,  be  a  plate  of  glass  whose  sides  are  paral- 
lel, and  B  C  a  ray  of  light  incident  upon  it :  it  will  be  refracted  in  the 
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direction  C   D,  and,  on  leaving  the  glass,  will  be  refracted  again, 
emerging  in  the  line  D  E,  parallel  to  the  course  it  would  have  pursued 
if  it  had  not  been  refracted  at  all,  and   ^ 
which  is  shown  by  the  dotted  line.    A     ^ " 
small  lateral  displacement  is,  however, 
occasioned  in  the  path  of  the  ray,  depend- 
ing on  the  thickness  of  the  glass  plate. 

This  explains  the  reason  why  a  plate 
of  glass  in  a  window,  whose  surfaces  are 
perfectly  parallel,  occasions  no  distor- 
tion or  alteration  of  the  position  of  ob- 
jects seen  through  it,  by  reason  of  its 
refractive  power.  The  rays  suffer  two 
refractions  in  contrary  directions,  which  „ 

produce  the  same  eifect  as  if  no  refrac- 
tion had  taken  place. 

If  the  surfaces  of  the  medium  through  which  light 
passes  are  not   parallel,  the   direction   of  whathap- 
every  ray   passing  through   it   is   perma-  {^ghtpa^lt^s 
nently  altered,  the  change  being  greater  through 

,        .       , .         .  -      ,  r  •       media  whoae 

as  the  inchnation  of   the  two  surfaces  is  surfaces  are 

greater.  not  parallel? 

Thus  window-glass  of  unequal  thickness  displaces  and  distorts  all 
objects  seen  through  it.  Hence  the  singular  distortion  of  objects  viewed 
through  that  swelling,  or  lump  of  glass  known  as  the  "  bull's  eye," 
which  is  sometimes  seen  in  the  center  of  very  coarse  panes  of  glass, 
and  which  remains  where  the  glass-blower's  instrument  was  attached. 

6ii.  Any  glass  having  two   plane   sur-  what  is 
faces  not  parallel  is  called  a  Prism.  apnsm 

As  ordinarily  constructed,  a  prism  is  an  oblong,  triangular,  or 
wedge-shaped  piece  of  glass,  with  sides  inclined  at  any  angle  (Fig. 

238). 

On  looking  through  a  prism,  all  objects  are  seen  removed  from 

their   true   place.     Thus  let  CAB,   Fig.   239,  be   a    Explain  the 

prism,  and  D  E  a  ray  of  light  incident  upon  it :  it  will    action  of 

be  refracted  lathe  direction  E  F,  and,  on  emerging,  will   the  prism. 

again  be  refracted  in  the  direction  F  H  ;  and,  as  objects  always  appear 
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n  the  direction  in  which  the  last  ray  enters  the  eye,  the  object  D  will 
appear  at  G,  in  the  direc- 
tion of  the  dotted  tine, 
elevated  above  its  real  po- 
sition. If  the  refracting 
angle,  A  C  B,  had  been 
placed  downward,  the  ob- 
ject would  have  appeared 
as  much  depressed. 

The  prism,  although  of 

of  the  most  important  of 
optical  instruments,  and  to 
its  agency  we  are  indebted 
for  most  of  the  informa- 
tion we  possess  respecting 
the  nature  and  constitution 
F"'  "38-  of    light.      The    beautiful 

and  complicated  results  of  its  practical  application  belong  to  that  de. 

partment  of  optics  which  treats  of  the  phenomena  of  color. 

6i2.  A  Lsns  is  a  piece  of  glass  or  other  transpar- 
wiait  i«        ent   substance,  _. 

■  leni?         boundedon*^ 
both    sides    by    polished 
spherical  surfaces,  or  on 
the  one  side  by  a  spheri- 
cal and  on  the  other  by  a 

plane  surface.  Rays  of  light  passing  through  it  are 
made  to  change  their  direction,  and  to  magnify  or  di- 
minish the  appearance  of  objects  at  a  certain  distance. 

There  are  six  different  kinds  of  simple  lenses,  all 
How  maoy  '^^  which  may  be  considered  as  portions  of 
kiDdi  of  the  external  or  internal  surface  of  a  sphere. 
lenMi  are  Four  of  these  lenses  are  bounded  by  two 
spherical  surfaces,  and  two  by  a  plane  and 
spherical  surface. 
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Fig.  240  represents  sectional  views  of  the  six  varieties  of  simple 
lenses. 

A  is  a  dou- 
ble  convex 
lens ;  B,  a  pla- 
no-convex; C, 
a  concavo-con- 
vex or  menis- 

Fig.  240. 
cus;  D,  a  dou- 
ble concave ;  E,  a  plano-concave ;  F,  a  convexo-concave. 

The  six  varieties  of  simple  lenses  are  divided  into 
two  classes,  which  are  denominated  con-  into  how 
verging  and  diverging  lenses,  since  the  may^ienses*' 
one  class  renders  parallel  rays  of  light  fall-  he  divided? 
ing  upon  them  convergent,  and  the  other  class  ren- 
ders them  divergent. 

In  Fig.  240,  A  B  C  are  converging  or  collecting  lenses,  and  D  E  F 
diverging  or  dispersing  lenses.  The  former  are  thickest  at  the  center ; 
the  latter  are  thinner  at  the  center  than  at  the  edges. 

In  the  first  class  it  is  sufficient  to  consider  only  the  double-convex 
lens,  and  in  the  second  class  only  the  double-concave  lens,  since  the  prop- 
erties of  each  of  these  lenses  apply  to  all  the  others  of  the  same  class. 

For  optical  purposes,  lenses  are  generally  made  of  glass;  but  in 
some  instances  other  substances  are  employed,  such  as  rock-crystal, 
the  diamond,  &c. 
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Fig.  34Z. 

The  double-convex  lens  may  be  regarded  as  a  number  of  prisms 
with  their  summits  pointing  outwards,  as  is  represented  in  Fig.  241 ; 
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and  as  in  a  prism  the  ray  of  light  refracted  by  it  is  always  turned 
toward  its  back,  or  thicker  part  (whether  that  be  turned  upward,  down- 
ward, or  to  either  side),  it  follows,  that  when  parallel  rays  fall  upon  a 
double-convex  lens,  or  two  prisms  united  at  their  bases,  they  will  con- 
verge to  a  point. 

The  double-concave  lens  may,  in  like  manner,  be  regarded  as  a 
succession  of  prisms  with  their  summits  pointing  inwards.  They 
therefore  cause  the  rays  of  light  to  diverge. 

In  all  the  various  kinds  of  lenses  there  must  be  a 

t  ■  th     PO^^^  through  which  rays  of  light  passing 

optical  cen-     experience  no  deviation ;  or,  in  other  words, 

t«  Of .  .en.  ?  jj^^  .^^.^^^j  ^^^  emergent  rays  are  parallel. 

Such  a  point  is  called  the  optical  center  of  a  lens, 
and  is  situated  on  the  axis  of  the  lens. 

The  axis  of  a  lens  is  a  straight  line  passing  through 
What  it  the    the  Center  perpendicular  to  the  surface 

the  lens  A  B. 

On  this  line  will  be  situated  the  geometrical  centers  of  the  two 
When  is  surfaces  of  the  lens,  or  rather  of  the  spheres  of  which 

lens  consid.      they  form  portions. 

ered  exactly  A  lens  is  said  to  be  truly  or  exactly  centered  when  its 

cen  er  optical  center  is  situated  at  a  point  on  the  axis  equally 

distant  from  corresponding  parts  of  the  surface  in  every  direction ;  as 
then  objects  seen  through  the  lens  will  not  appear  altered  in  position 
when  it  is  turned  round  perpendicularly  to  its  axis. 

613.  Parallel  rays  of  light  falling  upon  a  double- 
In  what  convex  Icns  are  converged  to  a  focus  at  a 
manner  are     distance  Varying  with  the  curvature  of  its 

parallel  rays  ^      v» 

affected  by  a  sides.  This  focus  is  Called  the  principal 
convex  lens  ?  f^^^g  q£  ^  j^j^g  .  ^^^  ^j^g  distance  f rom  the 

middle  of  a  lens  to  its  principal  focus  is  called  the 
focal  distance  of  a  lens. 


Thk  in  a  sii^lc-convex  l«ns  U  equal  to  the  diameter  of  the  sphere 
of  -which  the  lens  is  a  portion ;  in  a  double-convex  lens  it  ia  equal  to 
the  radius,  or  semi-diameter,  of  the  sphere  of  which  the   lens  is  a 


If,  as  in  Fig.  242,  a  candle  is  placed  at  the  principal  focus  of  a 
double-convex  tens,  the  rays  on  passing  through  the  lens  will  emerge 
parallel  to  the  axis. 


If  the  candle  is  placed  beyond  the  principal  focus  as  at  L  (Fig.  243), 
the  image  will  be  formed  at  /,  and  the  points  L  and  /  are  conjugate  to 
one  another.  The  conjugate  foci  of  lenses  arc  found  in  the  same 
manner  as  in  the  case  of  mirrors  {J  593). 


When  the  source  of  light  is  between  the  lens  and  its  principal 
focus  (Fig.  244),  the  rays  in  passing  through  the  lens  are  made  less 
divergent.     The  tay«  in  this  case  cannot  cross,  and  the  conjugate  focus 
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to  the  point  L  in  found  by  prolonging  the  rays  backward.    They  inter- 
sect at  /,  and  the  rays  proceed  as  if  they  had  emanated  from  the 

onwii«  6i+- From  their  property  of  converging 

p*"^"  parallel  rays  to  a  focus,  convex  lenses,  like 

imeibe  coiicave  mirTots,  may  be  used  for  the  pro- 

bunnoj.  duction  of  high  temperatures,  by  concen- 

*"•■"'  trating  the  rays  of  the  sun  (§  456). 

615.  Images  are  formed  in  the  foci  of   convex 

Do  coDvei  lenses  in  the  same  way  as  in  the  foci  of 

i«D*e>tive  concave 

rlia  to  the 


Thus,  if  we  take  a  convex  lens,  and  place  behind  it, 

"  '         at  a  proper  dislance,  a 'sheet  of   paper,  there  will  be 

depicted  upon  the  paper  beautifully  clear  and  distinct  images  of  all 
the  objects  in  front  of  the  lens,  in  an  inverted  position.  The  manner 
in  which  they  are  formed  is  illustrated  tn  Fig.  245. 


Fic.  145. 
Thus  lei  A  B  represent  an  object  placed  before  a  double^convex 
lens.  The  rays  proceeding  from  A,  the  top  of-  the  object,  will  be  con- 
verged by  the  lens,  and  brought  to  a  focus  at  a,  where  they  will  (onn 
an  image;  the  rays  proceeding  from  B,  the  base  of  Ihe  object,  will 
also  be  converged  and  brought  to  a  focus  at  i;  and  so  each  point  of 
the  object,  A  B,  will  have  its  corresponding  image  between  a  and  *. 
f n  (his  way  a  complete  image  will  be  formed. 

616.  The  properties  of  a  concave  lens  are  greatly 
different  from  those  of  a  convex  lens. 
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Rays  falling  upon  a  concave  lens  are  so  refracted 
in  passing  through  it,  that  they  diverge  on  what  u  the 
emerging  from   the  lens,  as   though  they  t»y.f.ii- 
issued  from  a  focus  behind  it.     The  focus, 


but  virtual, : 


i  the  case  with  a  convex  mirror. 


Thus  in  Fig.  246  the  parallel  rays  from  the  objea  A  B,  falling 
upon  the  double^oncave  lens,  are  so  refracted  in  passing  through 


it,  that  they  are  made  to  diverge,  as  though  proceeding  from  the  point 
F,  behind  the  lens.    Tlie  [mage  of  A  B  is  formed  at  a  ^. 

In  a  similar  manner  convergent  rays  are  rendered  less  convergent. 

617.  Convex  lenses,  as  ordinarily  used,  whyarecoo. 
are  called  magnifying-glasses,  because  they  caiied  mas- 
increase  the  apparent  size  of  the  objects  j}m1J"p 
seen  through  them. 

On  the  contrary,  the  concave  lens,  which  produces 

an  exactly  opposite  effect  upon    the  rays  iftrhydoeia 

of  light,  causes   the  image  of  an  object  ooncaveimi 

seen  through  it  to  appear  smaller.     (Fig.  ■ppaTcat  sue 

246.)  «„.bM. 

On  the  same  principles  aJso,  concave  mirrors  magnify,  and  convex 
minors  diminish,  the  images  of  objects  reSectecl  from  (heir  surfaces. 
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Hence  the  magnifying  or  dimbishing  power  of  lenses  is  not,  as  is 
often  popularly  supposed,  due  merely  to  the  peculiar' 
of  the  KKc-      nature  of  the  glass  of  which  they  are  made,  but  to  Ihe 
nlfylnc  at  figure  of  thdr  surfaces. 

diralQltbiiii  The   double-convex  lens,  inclosed  in   a  convenient 

Inua?  setting  of  metal  or  horn,  is  extensively  employed   by 

watch-makers,  engravers.  &c.,  with  whom  it  passes  under 
the  general  name  of  lens- 

6i8.  In  addition  to  the  effect  which  convex  lenses 
How  may  producc  by  magnifying  the  images  of  ob- 
iml^tea-  jccts,  they  are  also  capable  of  rendering 
obimtV"'  distant  objects  visible  which  would  be 
viiibie?  invisible  to  the  naked  eye,  by  causing  a 

greater   number   of   rays  of    light  proceeding    from 
them  to  enter  the  eye. 


Figs.  147  *hd  1*8. 
The  light  which  produces  vision,  as  will  be  more  fully  explaitjed 

hereafter,  enters  the  eye  through  a  circular  opening 
^^^'""'  called  the  pupil,  which  is  the  biaclt  circular  spot  sur. 
aedonofthe  rounded  by  a  colored  ting,  appearing  in  the  nenter  of 
coQvn  len>  the  front  of  the  eye.  Now,  as  the  rays  of  light  pro- 
mnxt  ceeding  from  an  object  diverge  or  spread  out  in  every 

direction,  the  number  which  will  enter  the  eye  will  be 
limited  by  the  size  of  the  pupil.  Al  a  great  distance  from  an  object, 
as  will  be  seen  in  Fig.  ;47,  few  rays  will  enter  the  eye ;  but  -if,  as  in 
Fig.  ^48,  we  place  before  the  eye  a  convex  lens  erf  moderate  si»«,  a 
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large  number  of  the  diverging  rays  will  be  collected  and  concentrated 
into  a  single  point  or  focus  behind  it,  and  thus  afford  to  the  eye  occu- 
pying a  proper  position  sufficient  light  to  enable  it  to  see  the  distant 
object  distinctly. 


Fig.  349. 

In  like  manner  a  concave  mirror,  by  causing  divergent  rays  which 
fall  upon  the  surface  to  become  convergent,  may  be  used  to  produce 
the  same  effect,  as  is  shown  in  Fig.  249. 


SECTION   III. 

COLOR,  AND  THE  PROPERTIES  OP  THE  SPECTRUM. 

619.  It  has,  up  to  this  point,  been  assumed  that  light  is  a  simple 
substance,  and  that  all  its  rays,  or  parts,  are  refracted  in  precisely  the 
same  manner,  and  therefore  suffer  the  same  changes  when  acted  upon 
by  transparent  media.    This,  however,  is  not  its  constitution. 

White  light,  as  emitted  from  the  sun  or  from  any 
luminous  body,  is  composed  of  seven  dif-  what  is  the 
ferent  kinds   of  light;   viz.,  red,   orange,  ofwff''" 
yellow,  green,  blue,  indigo,  and  violet.  "«*^*^ 

The  seven  different  kinds  of  light  produce  seven 
different  colors ;  viz.,  red,  orange,  yellow,  ^„  ^ ,  ^. 

vvhat  ■■  the 

green,   blue,   indigo,   and  violet.      These  ©rfginof 

1  ^^       ^  »  i  COlor? 

seven   colors   are   called    primary  colors, 

since,  by  the  union  or  mixture  of  some  two  or  more 

of  them,  all  other  colors,  or  varieties  of  color,  are 

produced. 

The  separation  of  white  light  into  its  several  parts 
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is   effected   by  means   of    a  prism.      This    separa- 
How  is  light   tion   is   designated  by  the  term  "disper- 

analyscd?         gj^j^ - 

620.  The  image  formed  by  a  ray  of  white  light 
What  is  the  passing  through  a  prism  is  called  the  solar 
spectrum?      spectrum. 

Light  from  any  luminous  source  may  be  examined  by  means  of  a 
prism,  and  will  furnish  a  spectrum,  the  nature  of  which  will  vary  with 
the  source  of  the  light. 

When  a  ray  of  white  light  is  made  to  pass  through 
a  prism,  each  of  the  seven  rays  of  which  it  is  com- 
posed is  refracted,  or  bent  out  of  its  course,  differ- 
ently, and  together  they  form  on  an  opposite  screen 
or  wall  an  image  composed  of  bands  of  the  seven 
different  colors. 

The  order  of  refrangibility  of  the  seven  different  rays  of  light,  or 
Explain  ^^^  arrangement  of  the  seven  colors  in  the  spectrum,  is 

what  is  always  the  same  and  invariable,  whatever  way  the  prism 

meMitby  j^^y  ^  turned;  the  lower  end  of  the  spectrum  being 

sive  power       ^^^>  which  passes  upward  into  orange,  then  into  yellow, 

of  different      then  green,  blue,  indigo,  and  violet,  which  is  at  the 
substances.       ^^^^  ^^^j^ 

Dissimilar  substances,  however,  produce  spectra  of  different  lengths 
on  account  of  a  difference  in  their  refractive  properties.  Thus  a  ray 
of  light  traversing  a  prism  of  flint-glass  will  have  its  red  and  violet 
colors  separated  on  a  screen  twice  as  widely  as  those  of  a  ray  passing 
through  a  similar  prism  of  crown-glass.  This  difference  is  expressed 
by  saying  that  the  dispersive  power  of  the  two  substances  is  different, 
or  that  flint-glass  has  twice  the  dispersive  power  of  crown-glass. 

The  separation  of  a  ray  of  solar  light  into  different  colored  ra3rs,  by 
refraction,  is  represented  in  Fig.  250.  A  ray  of  light,  S  A,  is  admitted 
through  an  aperture  in  a  shutter  into  a  darkened  chamber,  and  caused 
to  fall  on  a  prism,  P.  The  ray  thus  entering  would,  if  allowed  to  pass 
unobstructedly,  have  moved  in  a  straight  line  to  the  point  K,  on  the 
floor  of  the  room,  and  there  formed  a  circular  disk  of  white  light ;  but 
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by  the  interpositioii  of  the  prism  (he  lay  spreads  out  in  a  tan^hape, 
and  forms  an  oblong  colored  image  on  the  opposite  wall.  This  image, 
called  the  solar  spectnun,  is  divided  horiiontally  into  seven  colored 
spaces,  or  bands,  of  unequal  extent,  which  succeed  each  other  in  an 
invariabk  order ;  viz.,  red,  orange,  yellow,  green,  blue,  indigo,  violet 
(Plate  I..  Frontispiece). 


621.  The  separation  of  the  seven  different  rays 
composing  white  light  from  one  another,  u„„„h,, 
depends    entirely   upon    a    difference    in  JoMtiie 

,      .  ,  ......  .  ,  ,       ,         «ep»r»tion  of 

their  retrangiDiUty  in  passing  through  the  white  light 
»-:^».  depena? 

pnsm. 

The  length  of  the  wave  propagated  in  the  ether  determines  the 
colors  of  lighL  The  shortest  waves  are  the  least  refracted.  The 
length  of  a  wave  of  red  light  is  about  h[d ^  of  an  inch;  that  of  a 
wave  of  violet  light  is  about  ^^^j.  of  an  inch.  The  lengths  of  the 
waves  which  produce  the  other  kinds  of  light  lie  between  these  limits. 

622.  The  analogy  between  sound  and  light  is  perfect,  even  in  its 
minutest  circumstances.     When   a  certain    number   "f   ,j,. 
vibrations  of  a  musical  chord  is  caused  in  a  given  time,    o^y  is  there 
we  produce  a  required  sound;  as  the  vibrations  of  the    batween 
chord  vary  from  a  quick  to  a  slow  rate,  we  produce   ^''"  ""^ 
sounds  sharp  or  grave.    So  with  light;   if  the  rate  at    otmiuic? 
which  the  ray  undulates  is  altered,  a  different  s 
is  made  upon  the  oigans  of  vision. 
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The  number  of  aerial  vibrations  per  second  required  to  produce 
any  particular  note  in  music  has  been  accurately  calculated ;  and  it  is 
^Iso  known  that  the  ear  is  able  to  detect  vibrations  producing  sound, 
through  a  range  commencing  with  fifteen,  and  reaching  as  far  as  forty- 
eight  thousand,  in  a  second.  So  also  in  the  case  of  light,  the  fre- 
quency of  vibrations  of  the  ether  required  for  the  production  of  any 
particular  color  has  been  determined,  and  the  length  of  the  waves 
corresponding  to  these  vibrations. 

623.  The  waves  requisite  to  produce  red  are  the 

largest ;  orange  comes  next ;  then  yellow, 
tion  exists  grccn,  bluc,  indigo,  and  violet,  succeed 
the^ave-  ^^^h  Other,  the  waves  of  each  being  less 
l*ibStioM  *^  than  the  preceding.  The  rapidity  of  vibra- 
of  the  differ-  tion  is  in  the  same  order,  the  waves  pro- 
ducing red  light  vibrating  with  the  least 
rapidity,  and  the  waves  producing  violet  with  the 
greatest  rapidity. 

To  produce  red  light,  it  is  necessary  that  39,000  waves  or  undula- 
tions should  be  comprised  within  the  space  of  a  single  inch,  and  that 
474,000,000,000  vibrations  should  be  executed  in  one  second  of  time ; 
while,  for  the  production  of  violet,  57*500  waves  within  an  inch,  and 
699,000,000,000  vibrations  per  second,  are  required.* 

Rays  of  light  of  all  colors,  as  waves  of  sound  of  every  pitch,  travel 
with  the  same  velocity. 

624.  The  seven  different  rays  of  light,  when  once 
What  add!-  Separated  and  refracted  by  a  prism,  are 
have  we  of  ^^^  Capable  of  being  further  analyzed  by 
thccomposi-   refraction;  but  if  by  means  of  a  convex 

tion  of  white  '  ^        -^ 

light?  lens  they  are  collected  together,  and  con- 

verged to  a  focus,  they  will  form  white  light. 

*  It  has  been  stated  that  the  length  of  a  wave  of  red  light  is  about  g^^^^^  of  an 

inch.  It  has  also  been  shown  that  light  travels  at  the  rate  of  186,000  miles  per  second. 
Each  second  a  length  of  ray  amounting  to  x  86,000  miles  must  enter  the  pupil.  But,  in 
the  case  of  red  light,  there  are  39,000  undulations  in  an  inch.  In  the  space  of  x86,ooo 
miles  there  mxist  therefore  be  474,ooo/x)o,ooo  vibrations. 
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If  the  spectrum  formed  by  a  prism  of  glass  be  divided  into  three 
hundred  and  sixty  parts,  it  is  found  that  the  red  ray,  or  color,  occupies 
forty-five  of  those  parts,  the  orange  twenty-seven,  the  yellow  fort)- 
eight,  the  green  sixty,  the  blue  sixty,  the  indigo  forty,  and  the  violet 
eighty. 

If  we  take  a  circle  of  paper,  and  paint  upon  it  in  divisions  of  pro- 
portionate size  the  seven  colors  of  the  spectrum,  and  then  cause  it  to 
rotate  rapidly  about  a  center,  the  colors  by  combination  will  impart 
to  it  a  white  appearance.*  From  this  and  other  experiments,  there- 
fore, it  is  inferred  that  light  which  we  call  colorless,  or  white  (as  that 
coming  immediately  from  the  sun),  really  contains  light  of  all  possi- 
ble colors  so  mixed  as  to  neutralize  each  other. 

625.  As  a  lens  may  be  considered  as  a  modification  of  the  prism,  it 
follows  that  when  light  is  refracted  through  a  lens  it  is 
separated  into,  the  different  colors,  precisely  as  by  a 
prism ;  and,  as  every  ray  contained  in  white  light  is 
refracted  differently,  every  lens,  of  whatever  substance 
made,  will  have  a  different  focus  for  every  different 
color.  The  images,  therefore,  of  such  lenses  will  be 
more  or  less  indistinct,  and  bordered  with  colored  edges, 
perfection  is  termed  chromatic  aberration. 

Thus  the  blue  and  violet  rays,  v^  being  more  refracted  in  passing 

through  a  prism,  will  be  con- 
verged to  a  focus  nearer  the 
lens  than  the  focus  of  the  red 
rays,  r.  (Fig.  251.)  This  de- 
fect may  be  remedied  by  com- 
bining two  lenses  formed  of 
materials  which  refract  light 
in  different  degrees,  the  one  counteracting  the  effect  of  the 
other.  Such  a  combination,  known  as  an  achromatic  t  lens, 
is  shown  in  Fig.  252,  where  a  convex  lens  of  crown-glass  is 
united  with  a  concave  lens  of  fiint-glass.  While  the  disper- 
sive power  of  each  is  destroyed,  the  refracting  or  converging  power 
of  the  convex  lens  is  preserved. 


Why  will 
not  an  ordi- 
nary lens 
produce  a 
perfect 
image  ? 


Thi 


s  im- 


FiG.  251. 


Fig.  252. 


^  It  is  very  common  to  find  it  stated  in  books  of  science,  that  by  mixing  powders  of 
the  seven  diflerent  colors  together  a  white  or  grayish-white  compound  may  be  pro- 
duced. The  experiment  is  not,  however,  satisfactory,  unless  the  mixture  be  exposed 
to  a  very  strong  light. 

t  Achromatic,  from  a,  Hot^  and  ;fp(I)/E<a,  cohr. 
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Lenses   are  also  subject  to  another  imperfection, 
which  is  called  spherical  aberration.     This 

What  is  ^ 

spherical        ariscs  from  the  fact  that  the  curved  sur- 

aberration?       ^  r        ,  .        ^  i    i«   ^  r 

face  of  a  lens  is  at  unequal  distances  from 
the  object  and  from  the  screen  which  receives  the 
image  formed  at  its  focus  ;  and  hence,  if  one  point 
of  the  image  is  perfect,  another  point  is  less  so,  ow- 
ing to  a  difference  in  the  convergence  of  the  rays 
coming  from  the  center  and  the  edges  of  the  lens. 

Thus,  if  the  image  is  received  on  a  screen  of  ground  glass,  it  will 
be  found  that  when  the  picture  is  well  defined  at  the  center,  it  will  be 
indistinct  at  the  edges ;  but,  by  bringing  the  lens  nearer  the  screen,  the 
edges  of  the  image  will  be  more  sharply  defined,  but  the  middle  is 
indistinct.  To  make  the  image  perfect,  therefore,  the  marginal  por- 
tions of  the  lens  should  be  covered  with  a  circlet  of  paper,  so  as  to 
permit  those  rays  only  to  pass  which  lie  near  the  axis  of  the  lens. 
This  plan,  however,  impairs  the  brightness  of  the  image. 

When  the  image  formed  by  the  lens  is  small,  the  effect  of  spherical 
aberration  is  scarcely  noticed ;  and  by  combination  of  lenses  of  differ- 
ent refractive  powers  it  may  be  almost  entirely  overcome. 

626.  The  various  rays  composing  solar  light  are 
Are  all  the  "ot  all  equally  luminous,  that  is  to  say, 
Mulny^*^***  they  do  not  appear  to  the  eye  equally 
brilliant?  brilliant.  The  color  most  visible  to  the 
human  eye  is  yellow. 

The  luminous  intensity  of  the  different  colored  rays  of  light  may 
be  expressed  numerically  as  follows :  Red,  94 ;  orange,  640 ;  yellow, 
1,000;  green,  480;  blue,  170;  indigo,  31;  violet,  6.* 

627.  Natural  objects  possess  the  power  of  absorb- 

*  It  would  appear  from  numerous  observations,  that  soldiers  are  shot  during  battle, 
according  lo  the  color  of  their  dress,  in  the  following  proportion:  red,  twelve;  dark 
green,  seven;  brown,  six;  bluish-gray,  five.  Red  is  therefore  the  most  fatal  color,  and 
a  light  gray  the  least  so. 
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ing  or  extinguishing  certain   of  the   rays   of  light 
which  fall   upon  them.     This  absorption  onwhat 
is  selective,  and  on  this  fact  depend  the  coiVr^of^a 

phenomena  of   color.  body  depend? 

When  the  light  which  enters  a  body  is  wholly  absorbed,  the  body 
appears  black ;  when  all  the  rays  are  equally  but  not  wholly  absorbed, 
the  body  appears  gray ;  while  a  body  which  absorbs  the  various  kinds 
of  light  unequally  is  colored. 

628.  The  natural  color  which  an   object   exhibits 
when  exposed  to  the  light  depends  upon  why  do  nat- 
the  nature  and  arrangement  of  the  parti-  "^^^4^4^**^** 
cles  of   matter  of   which  it  is  composed,  colore? 
and  is  not  the  result  of  any  quality  inherent  in  the 
object  itself. 

A  body  which  reflects  from  its  surface  all  kinds  of  light  appears 
white.  For  a  body  to  possess  color  it  is  necessary  that  certain  of  the 
constituents  of  white  light  be  extinguished  by  the  body,  and  the 
remaining  constituents  transmitted  to  the  eye.  These  last  rays  impart 
to  a  body  its  color. 

Thus  a  red  body  appears  red  because  it  reflects  or  transmits  the 
red  ray  of  solar  light  to  the  eye ;  and  a  yellow  body  appears  yellow 
because  yellow  light  is  reflected  or  transmitted  by  its  structure  more 
powerfully  than  light  of  any  other  color ;  and  so  on  through  all  the 
colors. 

629.  No  body,  unless  self-luminous,  can  appear  of  a  color  not  exist- 
ing in  the  light  which  it  receives.  A  white  body  when  placed  in  the 
path  of  the  solar  spectrum  appears  the  color  of  the  ray  in  which  it  is 
situated.  In  the  yellow  ray  it  will  appear  yellow ;  in  the  red  ray,  red. 
A  black  body  remains  black  in  all  rays.  In  the  red  ray  of  the  spec- 
trum a  red  body  will  appear  a  deep  red,  but  it  will  be  black  in  the 
rays  of  any  other  color.  A  body  when  exposed  to  a  light  which  it  is 
incapable  of  reflecting  will  appear  black. 

In  the  dark  there  is  no  color,  because  there  is  no  light  to  be 
absorbed  or  reflected,  and  therefore  none  to  be  decomposed. 
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630.  By  changing  the  structure  or  molecular  ar- 
Maythe  rangcment  of  a  body,  the  color  which  it 
bodiesbe       exhibits  may  be  often  changed  also. 

chanfinff  ^  Illustrations  of  this  principle  are  frequently  seen  in 

their  molec-      chemical  compounds.    The  iodide  of  mercury  is  a  beau- 
ular  Btruc-        tiful  scarlet  compound,  which,  when  gently  heated,  be- 
"'^  comes  a  bright  yellow,  and  so  remains  when  undisturbed. 

If,  however,  it  is  touched  or  scratched  with  a  hard  substance,  as  with 
the  point  of  a  pin,  its  particles  turn  over,  or  re-adjust  themselves,  and 
resume  their  original  red  color.  Chameleon-mineral  is  a  solid  sub- 
stance produced  by  fusing  manganese  with  potash ;  when  dissolved  in 
water  it  changes,  according  to  the  amount  of  dilution,  from  green  to 
blue  and  purple.  Indigo  also,  spread  on  paper  and  exposed  to  heat, 
becomes  red. 

631.  Some  bodies  have  the  power  of  reflecting 
from  their  surfaces  one  color  while  they  transmit 
another. 

This  is  the  case  with  the  precious  opal.  A  solution  of  quinine  in 
water  containing  a  little  sulphuric  acid  is  colorless  and  transparent  to 
the  eye  looking  through  it ;  but,  by  looking  at  it,  it  appears  intensely 
blue.  An  oil  obtained  in  the  distillation  of  resin  transmits  yellow 
light,  but  reflects  violet  light.  Smoke  reflects  blue  light,  but  transmits 
red  light.  These  phenomena  result  from  a  peculiar  action  of  the  sur- 
face or  outer  layer  of  the  substance  of  the  body  on  some  of  the  rays 
of  light  entering  it,  and  have  received  the  name  of  epipolic^  or  surface 
dispersion. 

Deepness  of  color  proceeds  from  a  deficiency,  rather  than  from  an 
abundance,  of  reflected  rays  :  thus,  if  a  body  reflects  only  a  few  of  the 
red  rays,  it  will  appear  of  a  dark  red  color.  When  a  great  number  of 
rays  are  reflected,  the  color  will  appear  bright  and  intense. 

632.  If  the  objects  of  the  material  world  had  been  illuminated  only 
with  light  of  one  color,  all  the  particles  of  which  possessed  the  same 
degree  of  ref  rangibility,  and  were  equally  acted  upon  by  all  substances, 
the  general  appearance  of  nature  would  have  been  dull,  and  all  the 
combinations  of  external  objects,  and  all  the  features  of  the  human 
countenance,  would  have  exhibited  no  other  variety  than  that  which 
they  possess  in  a  pencil-sketch  or  India-ink  drawing. 


LIGHT.  365 

This  may  to  some  extent  be  shown  by  means  of  a  spirit-lamp  in 
which  some  common  salt  is  dissolved.  It  will  give  only  yellow  light. 
In  such  a  light,  yellow,  orange,  and  red  objects  appear  yellow  of  vari- 
ous shades,  and  green  and  blue  objects  appear  gray  or  black.  The 
face  and  lips  appear  of  a  livid  hue,  because  the  light  which  illumi- 
nates them  lacks  the  red  rays. 

633.  Any  two  colors  which  are  able,  by  combining, 
to   produce  white  light,  are  termed  com-  ,„^ 

*^  *=*  What  are 

plementary  colors.  compicmcn- 

Each  color  of  the  solar  ray  has  its  com-    ^'^  ^^  **" 
plementary  color,  for,  if  it  be  not  white,  it  is  deficient 
in  certain  rays  that  would  aid  in  producing  white. 
And  these  absent  rays  compose  its  complementary 
color. 

The  relative  position  of  complementary  colors  in  the  prismatic 
spectrum  may  be  determined  as  follows :  Thus,  if  we  take  half  the 
length  of  a  spectrum  by  a  pair  of  compasses,  and  fix  one  leg  on  any 
color,  the  other  leg  will  fall  upon  its  complementary  color,  or  upon 
the  one  which  added  to  the  first  will  produce  white  light  The  com- 
plementary color  of  red  is  bluish  green ;  of  orange  is  blue ;  of  yellow 
is  indigo ;  of  green  is  reddish  violet ;  of  blue  is  orange  red ;  of  indigo 
is  orange  yellow;  of  violet  is  yellow  green;  of  black  is  white;  of 
white  is  black. 

Complementary  colors  may  be  seen  by  fixing  the  eye  steadily  upon 
any  colored  object,  such  as  a  wafer  upon  a  sheet  of  white  paper.  A 
ring  of  colored  light  will  play  round  the  wafer,  and  this  ring  will  be 
complementary  to  the  color  of  the  wafer.  A  red  wafer  will  give  a 
green  ring,  a  blue  wafer  an  orange-colored  ring,  and  so  on.  Or  if, 
after  having  regarded  the  colored  wafer  steadily  for  a  few  moments, 
the  eye  be  closed  or  turned  away,  it  will  retain  the  impression  of  the 
wafer,  not  in  its  own,  but  in  its  complementary  color;  thus  a  red  wafer 
will  give  a  green  ray,  and  so  on. 

In  like  manner,  if  we  look  at  a  red-hot  fire  for  a  few  minutes,  every 
object  as  we  turn  away  appears  tinged  with  bluish  green. 

The  art  of  harmonizing  and  contrasting  colors  is  intimately  con- 
nected with  the  principles  of  complementary  colors. 

634.  Every  color   placed   beside   another  color  is 
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changed,  and  appears  differently  from  what  it  does 
How  do  when  seen  alone ;  it  equally  modifies, 
coidra  affect    moreover,  the   color  with  which  it  is  in 

each  other 

in  appear-         prOXimity. 

As  a  general  rule,  two  colors  will  ap- 
pear to  the  best  advantage  when  one'  is  comple- 
mentary to   the  other. 

This  principle  is  of  use  in  the  arrangement  of  colors  in  articles  of 
dress,  in  the  grouping  of  flowers  in  gardens,  and  in  the  preparation 
of  bouquets.  Black  being  the  complementary  color  of  white,  the  effect 
of  black  drapery  upon  the  color  of  the  skin  or  face  is  to  make  it  appear 
pale,  or  whiter  than  it  usually  is. 

The  optical  effect  of  dark  and  black  dresses  is  to  make  the  figure 
appear  smaller :  hence  it  is  a  suitable  color  for  stout  persons.  On  the 
contrary,  white  and  light-colored  dresses  make  persons  appear  larger. 
Large  patterns  or  designs  upon  dress  make  the  figure  appear  shorter ; 
longitudinal  stripes,  if  not  too  wide,  add  to  the  height  of  the  figure ; 
horizontal  stripes  have  a  contrary  tendency,  and  are  very  ungraceful.* 

635.  The  rainbow  is  a  semicircular  band  or  arch. 
What  is  a  composcd  of  the  seven  different  colors, 
rainbow  ?  generally  exhibited  upon  the  clouds  during 
the  occurrence  of  rain  in  sunshine. 

*  The  following  curious  facts  are  known  to  persons  employed  in  trade:  "  When  a 
purchaser  has  for  a  considerable  time  looked  at  a  yellow  fabric,  and  is  then  shown 
orange  or  scarlet  stuff's,  he  considers  them  to  be  amaranth-red,  or  crimson ;  for  there  is 
a  tendency  in  the  eye,  excited  by  yellow,  to  see  violet,  whence  all  the  yellow  of  the 
scarlet  or  orange  cloth  disappears,  and  the  eye  sees  red,  or  red  tinged  with  scarlet. 
Again,  if  there  are  presented  to  a  buyer,  one  after  another,  fourteen  pieces  of  red  cloth, 
he  will  consider  the  last  six  or  seven  less  beautiful  than  those  first  seen,  although  the 
pieces  be  identically  the  same.  Now  what  is  the  cause  of  this  error  in  judgment?  It 
is  that  the  eyes,  having  seen  seven  or  eight  red  pieces  in  succession,  are  in  the  same 
condition  as  if  they  had  regarded  fixedly  during  the  same  period  of  time  a  single  piece 
of  red  cloth ;  they  have  then  a  tendency  to  see  the  complementary  color  of  red,  that  is 
to  say,  green.  This  tendency  goes,  of  necessity,  to  enfeeble  the  brilliancy  of  the  red 
of  the  pieces  seen  later.  In  order  that  the  merchant  may  not  be  the  sufferer  by  this 
failing  of  the  eyes  of  his  customer,  he  must  take  care,  after  having  shown  the  latter 
seven  pieces  of  red,  to  present  to  him  sope  pieces  of  green  cloth,  to  restore  the  eyes  to 
their  natural  state.  If  the  sight  of  the  green  be  sufficiendy  prolonged  to  exceed  the 
normal  state,  the  eyes  will  acquire  a  tendency  to  see  red;  then  the  last  seven  pieces 
will  appear  more  beautiful  than  the  others."  —  Chbvrbuil  on  Color. 
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The  rainbow  is  produced  by  the  refrac-  How  is  ■ 
tion  and  reflection  of  the  solar  rays  in  the  produced? 
drops  of  falling  rain. 

636.  Rainbows  are  also  formed  when  (he  sun  shines  upon  drops  of 
water  falling  in  quantity  from  fountains,  waterfalls,  paddle-wheels,  &c. 
That  the  rainbow  results  from  the  decomposition  of  the  solar  rays 
by  drops   of  water,    may   be   proved    by  the  following    wh»te«peri- 
simple  e;(periment :  If  we  take  a  glass  globe  filled  with    ment»  prove 
water,  and  suspend  it  at  a  certain  height  in  the  solar   'nedEeom- 
rays  above  the  eye,  a  spectator  standing  with  his  back   j{g),[  ^y 
to  the  sun  will  see  the  refraction  and  reflection  of  red   drops  of 
light;  if  then  the  globe  be  lowered  slowly,  the  observer   "•'"' 
retaining  his  position,  the  red  light  will  be  replaced  by  orange,  and 
this  in  its  turn  by  yellow,  and  so  on,  the  globe  at  different   heights 
presenting  to  the  eye  the  seven  primitive  colors  in  succession.    If, 
now,  in  the  place  of  the  globe  occupying  different  positions,  we  sub- 
stitute drops  of  water,  we  have  a  ready  esplanation  of  the  phenomena 
of  the  rainbow- 
Drops  of  rain,  suspended  to  grass  or  bushes,  may  be  frequently 
found  to  appear  to  the  eye  of  a  bright  red ;  and,  by  slightly  changing 
the  position  of  the  eye,  the  colors  of  the  drop  may  be  made  to  appear 
successively  yellow,  green,  blue,  violet,  and  also  colorless.     This  also 
proves   that   rays 
of  light,  falling  in 
certain  directions 
upon     drops     of 
water,  are  refract- 
ed   thereby,   and 


colored  rays  that 
become  visible  to 
the  eye  when  It  is 
diuated  in  (he 
proper  di recti oti. 

The  principles 
of  the   formation  "^'  '^^' 

of  the  rainbow  may  be  further  illustrated  by  Fig.  !S3.  Let  A,  B, 
and  C  be  three  drops  of  tain ;  S  A,  S  B,  and  S  C,  three  rays  of  the 
Mm.  The  ray  S  A,  by  refraction,  is  divided  into  three  colors ;  the 
blue  and  yellow  are  bent  above  the  eye,  D,  and  the  led  enters  it. 
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The  ray  S  B  is  divided  into  three  colors :  the  blue  is  bent  above  the 
eye,  and  the  red  falls  below  the  eye,  D,  but  the  yellow  enters  it. 

The  ray  S  C  is  also  divided  into  three  colors.  The  blue  (which  is 
bent  most)  enters  the  eye,  and  the  other  two  fall  below  it.  Thus  the 
eye  sees  the  blue  of  C,  and  of  all  drops  in  the  position  of  C ;  the  yellow 
of  B,  and  of  all  drops  in  the  position  of  B ;  and  the  red  of  A,  and  of 
all  drops  in  the  position  of  A.  The  same  may  be  also  inferred 
respecting  the  other  four  colors  of  the  spectrum ;  and  thus  the  eye 
sees  a  rainbow. 

The  rainbow  can  be  seen  only  when  it-  rains,  and 
What  are       in  that  point  of  the  heavens  which  is  oppo- 
site to  the  sun. 


the  condi- 

• 

tions  neces- 
sary in 
order  to  see 
a  rainbow  ? 


Hence  a  rainbow  is  always  observed  to  be  situated  in 
the  west  in  the  morning,  and  in  the  east  in  the  afternoon. 


It  is  also  necessary  for  the  production  of  a  rainbow 
that  the  height  of  the  sun  above  the  horizon  should 
not  exceed  forty-two  degrees. 

Hence  we  generally  observe  this  phenomenon  in  the  morning  or 
toward  evening ;  and  it  is  only  in  the  winter,  when  the  sun  stands  very 
low,  that  the  rainbow  is  sometimes  seen  at  hours  approaching  noon. 

As  the  rays  of  light  differ  greatly  in  refrangibility,  only  a  single  and 

T«  ♦»,-  — «,-  different  -  colored 
Is  the  same 

rainbow  ray    from  each 

seen  alike  by  drop  will  reach 
all  persons  ?     ^^^  ^^^  ^^  ^  ^p^^^ 

tator ;  but,  as  in  a  shower  there 
is  a  succession  of  drops  in  all 
positions  relative  to  the  eye,  the 
eye  is  enabled  to  receive  the 
different-colored  rays  refracted 
at  different  inclinations.  This 
is  clearly  illustrated  in  Fig.  254, 
in   which   S  represents  rays  of 


Fig.  254. 


the  sun  falling  upon  successive  drops,  R,  O,  Y,  G,  B,  I,  V;  but  a  sin- 
gle colored  ray,  and  a  different  one  for  each  drop,. will  reach  the  eye. 
As  no  two  spectators  can  occupy  exactly  the  same  position,  no  two 
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can  see  the  same  color  reflected  from  the  same  drop ;  and  consequently 
no  two  persons  see  the  same  rainbow. 

In  the  formation  of  a  rainbow,  each  colored  ray  reflected  from  the 
falling  drops  of  rain  enters  the  eye  at  a  different  mclii\a-   why  is  a 
tion  or  angle.    But  the  several  positions  of  those  drops,    raiobow 
which  alone  are  capable  of  reflecting  the  same  color  at    *^*'^"'»''  ^ 
the  same  angle  to  the  eye,  constitute  a  circle ;  and  hence  the  bands  of 
color  which  make  up  a  rainbow  appear  circular. 

Two  rainbows   are   not   unfrequently  observed  at 
the  same  time,  the  one  being  exterior  to  what  are 
and  less  strongly  developed  than  the  other.  J^°ndaiy"^ 
The  inner  arch,  which  is  the  brightest,  is  '■in'x'ws? 
called   the  primary   bow,  and   the  outer,  or  fainter 
arch,  the  secondary  bow.     The  order  of  colors  in  the 
inner  bow  is   also  the  reverse  of  that  in  the  outer 
bow. 

The  inner,  or  primary  rainbow,  which  is  the  one 
ordinarily   seen,   is  how  is  the 
formed  by  two  re-  S^|5iw 
fractions  of  the  so-  '«'««>? 
lar   ray,   and    one    reflection, 
the  ray  of  light  entering  the 
drops  at  the   top,  and  being 
reflected  to  the  eye  from  the 
bottom.  ^^^'  '"• 

Thus,  in  Fig.  255,  the  ray  S  A  of  the  primary  rainbow  strikes  the 
drop  at  A,  is  refracted  or  bent  to  B,  the  back  part  of  the  inner  surface 
of  the  drop ;  it  is  then  reflected  to  C,  the  lower  part  of  the  drop,  when 
it  is  refracted  again,  and  so  bent  as  to  come  directly  to  the  eye  of  the 
spectator. 

The  secondary,  or  outer  rainbow,  is  pro-  How  is  the 
duced  by  two  refractions  of  the  solar  ray,  ^bow 
and  two  reflections,  the  ray  of  light   en-  '•"»«*' 
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tering  the  drops  at  the  bottom,  and  being  reflected 
to  the  eye  from  the  top. 

Thui,  in  Fig.  256,  the  ray  S  B  of  the  secondary  bow  strikes  the 
bottom  of  the  drop  at  B,  is  refracted 
to  A,  is  then  reflected  to  C,  is  again 
reflected  to  D,  when  it  is  again  re- 
fracted or  bent,  till  it  reaches  the  eye 
of  the  spectator. 

The  position  and  formation  of  tbe 
primary  and  secondary  rainbows  arc 
represented  in  Fig.  257.  Thus,  in  the 
formation  of  the  primary  bow,  the  ray 
of  light,  S,  strikes  the  drop  n  at  a,  is 
""*  '^°"  refracted  to  *,  reflected  to  g,  and,  leav- 

ing the  drop  at  this  point,  is  refracted  to  the  eye  of  the  spectator  at  O. 
In  the  formation  of  the  secondary  bow,  the  ray  S'  strikes  the  drop  fi 
at  the  bottom  at  the  point  i,  is  refracted  Co  d,  reflected  to  /,  and 
thence  to  e,  and,  refracted  from  the  top  of  the  drop,  proceeds  to  the 
eye  of  the  spectator  at  O. 


The  reason  the  outer  bow  is  paler  than  the  inner  is  because  It  is 

formed  by  rays  which  have  undergone  a  second  internal  reflection,  and 
after  every  reflection  light  becomes  weaker. 

637.  Halos  are  colored  rays  which  are  sometimes 
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« 

seen   surrounding  luminous    bodies,    especially   the 
sun  and  moon.     They  are  occasioned  by  whataie 
the  refraction  and  decomposition  of  light  *»»io»' 
by  particles  of  moisture  or  crystals  of  ice  floating  in 
the  higher  regions  of  the  atmosphere,  and  are  never 
seen  when  the  sky  is  perfectly  clear. 

The  production  of  halos  may  be  illustrated  experimentally,  by  crys- 
tallizing various  salts  upon  plates  of  glass,  and  looking  through  the 
plates  at  the  sun  or  a  candle.  A  few  drops  of  a  saturated  solution  of 
alum,  spread  over  a  glass  so  as  to  crystallize  quickly,  will  cover  it  with 
an  imperfect  crust  of  crystals,  scarcely  visible  to  the  eye.  Upon  look- 
ing at  a  luminous  body  through  the  glass  plate,  with  the  smooth  side 
next  the  eye,  three  fine  halos  will  be  perceived  encircling  the  source  of 
light 

The  fact  that  halos  or  rings  round  the  moon  are  more  frequently 
observed  than  solar  halos  is  dependent  upon  the  circumstance  that 
the  sun's  light  is  too  intense  and  dazzling  to  allow  the  halo  to  be  recog- 
nized. Halos  may  be  observed  most  frequently  in  the  winter  season, 
and  in  high  northern  latitudes. 

638.  The    beautiful    crimson   appearance    of    the 
clouds  after  sunset  in  the  western  horizon  what  is  the 
is  due  in  a  great  measure  to  the  fact  that  occasion 

^  of  the  red 

the  red  rays  of  the  solar  light  are  less  appearance 
refrangible  than  any  of  the  other  colored  tlfu^AlT"'' 
rays,  and,  in  consequence  of  this,  they  are  »°<* •««*«*' 
not  bent  out  of  their  course  so  much  as  the  blue  and 
yellow  rays,  and  are  the  last  to  disappear.  For  the 
same  reason,  they  are  the  first  to  appear  in  the  morn- 
ing when  the  sun  rises,  and  impart  to  the  morning 
clouds  red  or  crimson  colors. 

Let  us  suppose,  as  in  Fig.  258,  a  ray  of  light  proceeding  from  the 
sun,  S,  to  enter  the  earth's  atmosphere  at  the  point  P.  The  red  rays, 
which  compose  in  part  the  solar  beam,  being  the  least  refrangible,  or 
the  least  deviated  from  their  course,  will  reach  the  eye  of  a  spectator 
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at  the  point  A ;  while  the  yellow  and  blue  rays,  being  lef  racted  lo  a 
greater  degree,  will  reach  the  surface  of  the  earth  at  the  inteimediale 
points  R  and  C.    They  wilt  consequently  b;  quite  invisible  from  the 
point  A. 

The  red  and 
golden  appearance 
of  ('he  clouds  at 
morning  and  even- 
ing is  also  due  ir 
part  lo  tl'.e  fact  that 
aqueous  vapor  on 
(he  point  of  being 
condensed  only  al- 
lows (he  red  and 
yellow  rays  of  light 
lo  pass  through  it. 
Piy  J  ^  For  this  reason,  if 

the  sun  be  viewed 
ihiougb  a  column  of  steam  escaping  from  a  boiler,  it  appears  of  a 
deep  red,  or  crimson  color.  The  same  thing  may  be  noticed  during 
a  drought  in  summer,  when  (he  air  is  filled  with  dry  exhalations. 

639.  If  we  examine  the  solar  5pee(nim  when  thrown  upon  a  white 
IitbeiDlar  screen  through  a  telescope,  it  will  be  noticed  that  the 
•pectrum  band  of  colored  light  is  not  really  continuous,  but  is 
comiououi?  traversed  in  the  direction  of  its  breadth  by  numerous 
dark  lines,  varying  in  different  parts  in  width  and  distinctness;  or,  in 
other  words,  there  are  interruptions  in  (he  spectrum,  where  there  is  no 
light  of  any  color.  In  (he  frontispiece  are  represented  (he  most  con- 
spicuous of  these  dark  lines. 

Attention  was  first  called  to  the  existence  of  ihese  lines  by  Dr. 
What  are  Wollaston,  an  English  physicist,  as  far  back  as  (he  year 
Fraunhofec'i  1802;  but  no  special  investigation  was  made  of  them 
lioet?  m,,u  181^^  when  Fraunhofer,  a  celebrated  German  opti- 

cian, mapped  [hem  out  to  the  number  of  live  hundred  and  seventy-six, 
and  designated  the  more  conspicuous  ones  by  the  letters  of  the  alpha- 
bet. Many  of  these  lines  are  as  fine  as  (he  finest  spider's  web,  so  that, 
although  existing  in  great  numbers,  they  occupy  but  a  small  portion  of 
the  whole  area  of  the  spectrum.  Fraunhofer  also  first  ascertained 
that  these  lines  are  always  present  in  every  kind  of  sunlight;  that 
moonlight,  as  well  as  the  light  of  the  planet  Vemis,  exhibited  them,  as 
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did  also  the  light  emanating  from  the  fixed  stars ;  but  that  in  the  latter 
case  the  lines  were  sometimes  different  from  those  which  characterized 
the  light  of  the  sun,  the  moon,  and  the  planets.  He  therefore  came  to 
the  remarkable  conclusion  that  whatever  produced  these  dark  lines  — 
and  he  had  no  idea  of  the  cause  —  was  something  which  was  acting  be- 
yond and  entirely  outside  of  our  atmosphere.  Interesting,  however,  as 
were  these  discoveries,  they  were  not  at  the  time  further  investigated ; 
and  the  phenomena  involved  continued  for  many  years  to  be  recorded  un- 
der  the  name  of  "  Fraunhofer's  lines,"  as  simply  curious  scientific  facts. 
In  1861,  however,  mainly  through  the  investigations  of  two  German 

chemists,  Bunsen  and  Kirchhoff,  it  was  discovered  that   ,„.   ^ 

Wnftt  prop* 

the  constitution  and  appearance  of  each  spectrum  depend  erty  belongs 
upon  the  nature  of  the  substance  emitting  the  light  from  to  the  spec- 
which  the  spectrum  is  formed ;  and  that  to  each  sub-  li^^ent  ?* 
stance,  when  luminous  in  a  gaseous  form,  there  corre- 
sponds a  peculiar  spectrum,  which  belongs  to  that  particular  substance. 
Thus,  for  example,  the  light  emanating  from  the  incandescent  vapor  of 
the  element  potassium  (the  metal  basis  of  the  alkali  potash)  gives  a 
spectrum  crossed  by  two  very  characteristic  lines,  one  red  and  the 
other  violet :  sodium  (the  metal  basis  of  the  alkali  soda),  under  similar 
circumstances,  gives  a  spectrum  characterized  by  a  yellow  line,  remark- 
able for  its  well-defined  form  and  extraordinary  brightness  (Plate  I.,  3) ; 
the  spectrum  of  the  metal  lithium  is  characterized  by  a  well-marked 
red  line,  and  by  a  feebler  orange  line  (Plate  I.,  4) ;  the  spectrum  fur- 
nished by  incandescent  oxygen  is  shown  in  Plate  I.,  5 ;  calcium  (the 
metal  basis  of  lime)  exhibits  green  and  orange  lines;  iron,  a  large 
number  of  fine  red  lines ;  and  so  on :  each  elementary  substance  giv- 
ing a  characteristic  spectrum  of  this  nature,  which  is  as  legible  to  one 
familiar  with  the  subject,  as  its  name  written  in  ordinary  words  would 
be.  The  lines  characteristic  to  each  elementary  substance,  moreover, 
continue  distinct,  and  maintain  their  relative  positions,  even  when  a 
spectrum  is^ formed  from  the  light  proceeding  from  many  incandescent 
vapors  mingled  together,  i.e.,  as  one  common  flame. 

640.  In  order  to  facilitate  the  examination  of  the 
spectra  of  different  substances,  an  instru-  „,^  ^ .  ^^ 

^  What  18  the 

ment  has  been  devised,  which  is  called  the  spectro- 
spectroscope,  the  construction   of  which,  ^^^^ 
represented  in  Fig.  259,  is  as  follows :  — 
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A  priBin,  P,  is  fixed  upon  an  upright  stand ;  and  three  lubes.  A,  S, 
and  C,  are  fixed  to  the  same  stand,  and  directed  towards  tbe  prism. 
The  substance  whose  spectrum  is  to  be  examined  is  vaporized  in  tbe 
flame  at  G ;  the  light  passes  through  a  series  of  tenses  in  the  tube  B, 
is  refracted  by  the  prism,  and  forms  an  image  ol  the  spectrum  on  the 
object-glass  of  the  telescope  A,  where  it  may  be  examined  through 
the  telescope.  In  the  tube  C  is  a  graduated  scale,  whose  im^e  may 
be  thrown  on  to  the  prism,  thus  aiding  to  fix  Jbe  relative  position  of 
the  lines  in  the  spectrum. 


641.   Since  each    elementary   substance   gives   an 
^  invariable  combination  of  lines  in  its  spec- 

ipectnim  tnim  pecuHaf  to  itself,  it  follows  that  when 
'* '  the  spectra  of  the  different  elements  have 
been  determined,  once  for  all,  by  previous  researches, 
and  have  been  recorded  in  maps,  or  impressed  upon 
the  memory,  it  becomes  easy  in  any  future  investi- 
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gation  to  recognize  at  once,  and  with  great  accuracy, 
from  the  form  of  the  spectrum  which  a  body  of 
unknown  constitution  presents,  the  different  elemeh- 
tary  substances  of  which  it  is  compoised.  In  short, 
this  discovery,  now  known  as  "spectrum  analysis," 
at  once  established  a  new  method  of  analyzing  sub- 
stances into  their  constituent  elements  by  means  of 
the  spectra  which  these  substances  give  when  in  a 
state  of  incandescent  vapor,  and  placed  in  the  hands 
of  the  chemist  a  new  instrument  for  analyzing,  in 
addition  to  re-agents  and  precipitates,  scales  and 
crucibles. 

The  following  illustration  will  convey  some  idea  of  the  extreme 
delicaqr  of  this  method  of  analysis.    If  a  pound  of  com- 
mon salt  be  divided  into  450,000  equal  parts,  the  weight   tration^of  the 
of  one  of  these  parts  is  called  a  milligramme.    The    delicacy  of 
chemist,  with  special  skill  and  the  most  delicate  scales,    *!>«  method 
can  determine  accurately  the  weight  of  such  a  particle ;    ^^y^g^**"* 
but  if)  so  doing  he  approaches  the  limit  of  his  power  in 
detecting,  by  chemical  means,  the  presence  of  sodium,  the  chief  ele- 
ment in  common  salt.    But,  if  this  small  milligramme  be  now  divided 
into  three  million  parts,  we  arrive  at  a  particle  so  minute  that  all  power 
of  discerning  it  fails,  even  with  the  aid  of  the  microscope  or  the  most 
delicate  tests  of  the  chemists ;  and  yet,  if  such  a  particle  be  vaporized 
and  made  incandescent  in  a  flame,  the  spectrum  produced  from  the 
rays  of  light  proceeding  from  it  will  be  crossed  by  the  bright  yellow 
line  which  is  the  unfailing  sign  of  the  presence  of  the  element  sodium. 

642.  It  was  natural  to  expect  that  the  application  of  so  sensitive 
means  of  investigation,  from  which  no  known  substance    what  new 
can  escape,  would  soon  lead  to  other  startling  discove-    metals  have 
ries ;  and  this  expectation  was  almost  immediately  real-   ******  ^•' 
ized.    For  Bunsen  and  Kirchhoff,  in  testing  through  the    through 
spectroscope  the  residuum  obtained  by  evaporating  the    spectrum 
waters  of  a  mineral-spring  at  Durkheim  in  Germany,  at   ■'^•ly"*»  ^ 
once  noticed  certain  lines  in  the  spectrum  which  could  not  be  referred 
to  the  presence  of  any  then  known  elements.    They  accordingly  sus- 
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pected  the  presence  oi  some'  one  or  more  new  elements ;  but  renewed 
and  most  careful  chemical  analysis  utterly  failed  to  isolate  them.  In- 
ferring, however,  that  the  trouble  was  not  in  the  new  method  of  analy- 
sis, but  rather  in  the  circumstance  that  the  elements  whose  existence 
was  suspected  were  so  sparingly  distributed  in  nature,  or  so  mingled 
with  other  substances,  that  the  imperfect  chemical  tests  hitherto  in 
use  could  not  distinguish  them,  they  evaporated  forty-four  tons  of  the 
water  to  dryness ;  and,  from  the  large  quantity  of  residuum  thus  ob- 
tained, two  new  elements  were  separated,  in  quantities  sufficient  to 
allow  of  their  being  weighed  and  examined ;  namely,  caesium  {casius, 
blue),  and  rubidium  {ruder,  red),  so  called  on  account  of  the  respective 
blue  and  red  lines  which  appear  in  their  spectra.  Subsequently  two 
other  new  elementary  bodies,  thallium  and  indium,  were  discovered 
through  the  aid  of  the  spectroscope. 

643.  But  all  the  brilliant  and  astounding  results  which  spectrum 

analysis  has  furnished  in  the  provinces  of  physics  and 
have  fol- "  "  '  chemistry  have  been  far  surpassed  by  the  discoveries 
lowed  the  which  have  been  made  through  its  agency  in  the  depart- 
•pplication  ment  of  astronomy.  By  means  of  the  law  of  gravita- 
anmWtiuto^  tion  the  astronomer  can  calculate  the  orbits  of  the 
the  study  of  planets,  determine  their  weight  and  volume,  predict  the 
the  hpavenly    return  and  courses  of  comets,  and,  through  the  aid  of 

the '  telescope,  know  something  in  respect  to  the  physi- 
cal constitution  and  surface  configuration  of  these  bodies.  Concern- 
ing the  fixed  stars  and  nebulae,  however,  owing  to  the  immense  dis- 
tances by  which  they  are  separated  from  our  earth,  our  knowledge  was 
even  yet  more  limited,  and  necessarily  amounted  to  but  little  more 
than  partial  information  in  respect  to  their  size,  form,  and  color.  But, 
through  the  aid  of  spectrum  analysis,  the  light  proceeding  from  our 
sun,  the  fixed  stars,  the  comets,  and  the  nebulae,  has  been  made,  as  it 
were,  a  ladder,  on  which  the  human  mind  can  climb  into  unmeasurable 
space,  and  ascertain  with  unimpeachable  accuracy  not  only  the  exact 
chemical  constitution  of  these  bodies,  but  also  very  much  concerning 
their  physical  conditions.  The  course  of  discovery  in  this  department 
was  somewhat  as  follows :  As  has  been  already  stated,  the  lines  of  the 
spectra  formed  by  the  light  emanating  from  the  incandescent  vapor  of 
the  various  elementary  substances  are  brilliantly  colored ;  but  in  the 
case  of  the  spectrum  formed  by  the  dispersion  of  the  rays  of  light 
proceeding  from  the  sun,  as  well  as  from  the  fixed  stars,  the  lines  are 
not  colored,  but  dark.     At  the  first,  an  explanation  of  this  curious 
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phenomenon  seemed  almost  hopeless ;  but  Kirchhoff  was  finally  led  to 
the  solution  of  the  problem  by  observing  that  many  of  the  bright  lines, 
in  the  spectra  furnished  by  the  incandescent  vapors  of  the  elements, 
were  in  the  exact  position  of  the  dark  lines  of  the  solar  spectrum. 
This  coincidence  may  be  seen  by  prolonging  the  dark  lines  of  the 
solar  spectrum  shown  in  the  frontispiece,  so  as  to  intersect  the  spectra 
of  the  elementary  substances  also  there  depicted.  This  coincidence 
having  been  determined  to  be  invariable,  and  not  the  result  of  acci- 
dent, Kirchhoff  was  led  to  the  conclusion  that  various  substances  must 
exist  in  the  sun  in  a  state  of  incandescent  vapors.  But  he  was  unable 
to  explain  why  in  the  laboratory  the  luminous  vapor  of  a  given  element 
should  give  bright  lines  in  its  spectrum,  and  in  the  sun  dark  lines,  until 
he  discovered  that  if  the  light  from  a  flame  colored  by  sodiiim-vapor 
be  passed  through  a  tube  containing  sodium-vapor,  no  bright  line  will 
appear  in  its  spectrum,  but  in  the  place  of  the  usual  yellow  line  a 
black  line  will  be  seen.  On  continuing  his  experiments  he  found  that 
the  same  phenomenon  occurred  with  other  substances  when  their  light 
was  passed  through  their  own  vapor;  and  was  thus  enabled  to  lay 
down  the  law,  that  each  body  is  opaque  to  such  rays  as  it  would  itself 
emit  when  incandescent ;  or,  in  other  words,  that  radiation  and  absorp- 
tion are  equal,  .and  a  body  will  absorb  with  great  energy  precisely 
those  rays  which  it  radiates  when  incandescent. 

As  an  inference  from  this  law,  the  sun  is  believed  to  be  an  incan- 
descent globe,  enveloped  in  an  atmosphere  of  flame,  composed  of  the 
intensely  heated  vapors  of  many  of  the  elementary  substances  occur- 
ring on  the  earth ;  *  which  vapors  in  turn  cut  off  those  rays  of  light 
emanating  from  the  central  luminous  sphere  which  they  themselves 
emit,  and  that  the  fact  of  this  absorption  is  indicated  by  the  presence 
of  dark  in  the  place  of  bright  lines  in  the  solar  spectrum. 

In  like  manner,  through  the  aid  of  the  spectroscope  we  are  enabled 
to  decompose  the  light  of  the  fixed  stars  and  nebulae,  and  thus  obtain 
their  spectra  in  the  same  way  as  that  of  earthly  luminous  substances. 
And  by  careful  comparison  of  these  spectra  with  the  well-known  spectra 
of  various  terrestrial  substances,  it  can  be  determined  with  almost 
mathematical  accuracy,  whether  these  same  terrestrial  substances  do 
or  do  not  exist  in  those  heavenly  bodies  so  far  removed  from  the  earth 

*  The  presence  of  the  following  elements  has  been  thus  demonstrated  with  certain- 
ty in  the  solar  atmosphere:  sodium,  calcium,  barium,  magnesium,  iron,  chromiufh, 
nickel,  copper,  zinc,  strontium,  cadmium,  cobalt,  hydrogen,  manganese,  aluminium, 
and  titanium. 
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that  the  light  received  from  them  may  have  required  millions  of  years 
for  its  transmission. 

Many  solutions  possess  the  property  of  absorbing  and  extinguishing 
What  are  certain  kinds  of  light  passed  through  them,  thus  produ- 
absorptioo  cing  absorption  spectra,  Plate  I.,  6,  represents  the  ab- 
■pectra?  sorption  spectrum  obtained  by  passing  light  through  a 

solution  of  chlorophyll  the  green  coloring-matter  of  plants.  A  large 
number  of  absorption  lines  are  found  in  the  red,  the  yellow,  and  the 
violet  parts.  By  an  application  of  this  principle  the  purity  of  human 
blood  may  be  tested,  and  adulterations  in  wine,  beer,  and  other  liquids 
may  be  detected.  ' 

644.  Solar  light,  in  addition  to  the  luminous  prin- 
what  three  ciplc  which  produccs  the  phenomena  of 
principles       color  and  is  the  cause  of  vision,  contains 

are  included  ' 

in  solar  light?  two  Other  principles,  viz.,  heat  and  actin- 
ism, or  the  chemical  principle.  These  principles  are 
invisible  to  the  eye,  and  have  only  been  discovered 
by  their  effects  on  other  bodies. 

The  constitution  of  the  solar  ray  may  be  compared  to  a  bundle  of 
three  sticks,  one  of  which  represents  heat,  another  light,  and  a  third 
the  actinic  principle. 

We  know  that  these  three  principles  exist  in  every  ray  of  solar 
light,  because  we  are  able  to  separate  them  in  a  great 
know  that*  degree  from  each  other.  Thus  the  luminous  principle 
solar  light  passes  readily  through  a  transparent  plate  of  alum,  but 
conuins  nearly  all  the  heat  is   absorbed.    Certain  dark-colored 

ciples  ?  "  bodies,  on  the  contrary,  allow  nearly  all  the  heat  to  pass, 
but  obstruct  the  light.  A  blue  glass  obstructs  nearly  all 
the  light  and  heat  of  the  solar  ray,  but  allows  the  chemical  principle 
to  pass  freely ;  while  a  yellow  glass  allows  light  and  heat  to  pass,  but 
obstructs  the  passage  of  the  chemical  influence. 

When  we  decompose  a  ray  of  solar  light  by  means 
How  are  the  ^^  ^  prism,  and  throw  the  spectrum  upon 
three  princi-    a  scrccu,  the  lumiuous,  the  calorific,  and 

pies  of  solar 

light  affected  the  actinic  radiations  will  each  assume  a 
yapnsm      different   position.     All  will   be  refracted 
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by   passing    through    the    prism,   but    in    different 
degrees. 

Fig.  260  shows  the  distribution  in  the  spectrum  and  relative  inten- 
sities of  these  three  principles. 
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Fig.  260. 

The  calorific,  or  beat  radiations*  will  be  refracted  least,  and  their 
maximum  point  will  be  found  but  slightly  thrown  out  of  the  right  line 
which  the  solar  ray  would  have  traversed  had  it  not  been  intercepted 
by  the  prism.  The  heat  diminishes  with  much  regularity  on  each  side 
of  this  line. 

The  luminous  radiations  are  subject  to  a  greater  degree  of  refrac- 
tion ;  their  point  of  maximum  intensity  being  in  the  yellow  ray,  lying 
considerably  above  the  point  of  greatest  heat.  The  light  diminishes 
on  each  side  of  it,  producing  orange,  red,  and  crimson  colors  below  the 
maximum  point,  and  green,  blue,  and  violet  above  it. 

The  radiations  which  produce  chemical  action  are  more  refrangible 
than  either  the  calorific  or  luminous  radiations ;  and  the  maximum  of 
chemical  power  is  found  at  that  point  of  the  spectrum  where  light  is 
feeble,  and  where  scarcely  any  heat  can  be  detected. 

645.  The  positions  in  the  spectrum  of  the  heat  and  actinic  radia- 
tions, which  are  invisible  to  the  eye,  may  be  found  by  experiment 
Thus,  if  we  place  a  delicate  thermometer  in  the  different  rays  of  the 
spectrum,  it  will  be  found  that  the  indigo  and  violet  rays  scarcely  affect 
it  at  all,  while  the  yellow  ray,  which  is  the  most  luminous,  is  inferior  in 
heating  action  to  the  red  ray,  which,  yielding  but  little  light,- possesses 
the  greatest  amount  of  heat.  If  now  the  thermometer  be  carried  a 
little  below  and  just  out  of  the  red  ray,  into  the  darkened  space,  it  will 
exhibit  the  greatest  increase  in  temperature,  thus  proving  the  presence 
of  a  heating  ray  in  solar  light,  independent  of  the  luminous  ray. 
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Those  rays  of  solar  light  which  are  less  refrangible  than  any  of  the 
visible  colored  rays  of  the  spectrum  have  all  the  properties  of  radiant 
heat  coming  from  bodies  of  a  lower  temperature  than  800^  Fahrenheit. 
Such  heat  is  much  less  refrangible  than  red  light ;  but,  if  the  tempera- 
ture of  the  radiating  body  be  increased,  it  emits,  in  addition  to  the  rays 
previously  emitted,  others  of  a  higher  refrangibility,  until  at  last  some 
few  of  its  rays  become  as  refrangible  as  the  least  refrangible  rays  of 
light.  The  body  then  appears  of  the  same  color  as  the  least  refrangi- 
ble rays  of  light,  and  is  said  to  be  red  hot.  If  it  be  heated  more,  it 
emits,  in  addition  to  the  red,  still  more  refrangible  rays,  viz.,  orange ; 
then  (at  a  higher  temperature)  yellow  rays  are  added,  and  so  on,  until 
when  the  body  is  white  hot  it  emits  all  the  colors  visible  to  us ;  and  in 
some  instances  (of  very  intense  heat)  even  the  invisible  chemical  rays, 
more  refrangible  than  the  violet,  are  emitted,  though  in  less  quantity 
than  in  the  solar  rays.  Thus  light  appears  to  be  nothing  more  than 
visible  heat,  and  heat  invisible  light,  —  the  constitution  of  the  eye 
being  Such  that  it  can  perceive  one  and  not  the  other,  in  the  same  way 
as  the  ear  can  appreciate  vibrations  of  sound  more  rapid  than  sixteen 
per  second,  but  not  those  which  are  less  rapid. 

646.  By  exposing  to  the  action  of  the  chemical  rays  a  piece  of  paper 
moistened  with  sulphate  of  quinine,  their  existence  may  be  proved,  for 
the  paper  becomes  tinged  with  a  beautiful  sky-blue  color.  This  is  due 
to  the  fact  that  sulphate  of  quinine  has  the  property  of  changing  the 
rapid  vibrations  of  the  rays  beyond  the  violet  into  slower  vibrations, 
and  thus  rendering  the  non-luminous  rays  visible.  This  phenomenon 
is  called  fluoresence. 

The  study  of  the  chemical  principle  contained  in  the  rays  of  solar 

What  curi-       ^^6^^  ^^s  rendered  probable  the  curious  fact  that  no  sub- 

ous  fact  has     stance  can  be  exposed  to  the  sun's  rays  without  under- 

the  study  of     going  a  chemical  change  ;  and  from  numerous  examples 

the  chcixiical 

principle  '*  would  seem  that  the  changes  in  the  molecular  condi- 

of  light  tion  of  bodies,  which  sunlight  effects  during  the  daytime, 

evolved  ?  j^^e  made  up  during  the  hours  of  night,  when  the  action 

is  no  longer  influencing  them.     Thus  darkness  appears  to  be  essential  to 

the  healthy  condition  of  all  organized  and  unorganized  forms  of  matter. 

Upon  what  ^^y.  The  proccss  of  forming  photograph- 
duction  of  ic  pictures  depends  solely  upon  the  actinic 
piSurei**'*'*'^  or  chemical  influence  of  the  solar  ray. 

depend?  ^j^^  ^^^^^   "photography,"  signifying  light-drawing, 
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which  is  the  general  name  given  to  this  art,  is  unfortunate  and  ill- 
chosen  ;  for  not  only  does  light  not  exercise  any  influence  in  producing 
the  pictures,  but  it  tends  to  destroy  them. 

The  essential  steps  of  the  process  of  forming  a  photographic  pic- 
ture consist  in  coating  a  suitable  surface   of  metal  or    wu-.*  -_. 
glass  with  some   chemical   substances,  —  usually  com-   theessen- 
pounds  of  silver  with  iodine,  bromine,  and  nitric  acid,  —    **^  steps  of 
which  rapidly  undergo  a  chemical  change  and  grow  dark    Qf^SJ^A^^* 
under  the  action  of  the  solar  ray.     The  plate  is  then    cing  a  photo- 
exposed  to  the  image  formed  by  the  lens  of  a  camera-   ««phic 
obscura.    Relatively  the  quantity  of  light  and  actinism   ^^^  "" 
reflected  from  any  object  are  the  same :  therefore,  as  the  lights  and 
shadows  of  the  luminous  image  vary,  so  will  the  power  of  producing 
change  upon  the  plate  vary,  and  the  result  will  be  a  faithful  copy  of 
nature,  with  reversed  lights  and  shadows;  the  lights  darkening  the 
plate,  while  the  shadows  preserve  it  white  or  unaltered. 

If  the  surface  were  then  left  without  further  care,  the  image  would 
soon  fade  away,  or  the  whole  sensitive  surface  would  darken  uniformly, 
and  so  destroy  all  contrasts  of  lights  and  shades.  To  prevent  this, 
the  plate,  after  having  been  exposed  a  sufficient  length  of  time  in  the 
camera,  is  removed  to  a  darkened  room,  and  there  washed  and  treated 
with  certain  other  chemical  agents  which  dissolve  away  so  much  of  the 
sensitive  coating  as  has  been  left  unchanged  by  the  action  of  the  light, 
and  so  develop  and  make  permanent  the  picture ;  which  is  merely  a 
contrast  of  lights  and  shades,  and  destitute  of  color.  Many  attempts 
have  been  made  to  photograph,  or  reproduce  and  fix,  the  colors  of  ob- 
jects ;  but  thus  far  all  efforts  to  accomplish  this  have  been  unsuccessful. 

That  the  luminous  principle  is  not  necessary  for  the  success  of  the 
photographic  process,  may  be  proved  by  the  experiment    ._. 
of  taking  a  daguerreotype  in  absolute  darkness.    This    ment  shows 
can  be  accomplished  in  the  following  manner :  A  large    that  light  is 
prismatic  spectrum  is  thrown  upon  a  lens  fitted  into  one    °°*  °f**^*th 
side  of  a  dark  chamber ;  and  as  the  actinic  power  resides    production  of 
in  great  activity  at  a  point  beyond  the  violet  ray,  where    *  photo- 
there  is  no  light,  the  only  rays  allowed  to  pass  the  lens    8^'*P  *f 
into  the  chamber  are  those  beyond  the  limit  of  colora- 
tion, and  non-luminous :  these  are  directed  upon  any  object,  and  from 
that  object  radiated  upon  a  highly  sensitive  photographic  surface.    In 
this  way  a  picture  may  be  formed  by  radiations  which  produce  no 
effect  upon  the  eye. 
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648.  There  are  many  reasons  for  supposing  that  each  of  the  three 
What  influ-  principles,  h'ght,  heat,  and  actinism,  included  in  the  solar 
ence  do  the  ray,  exercises  a  distinct  and  peculiar  influence  upon  vege- 
three  princi-  tation.  Thus  the  luminous  principle  controls  the  growth 
solar  ray  ^^^  coloration  of  plants,  the  calorific  principle  their 

exert  on  ripening  and  fructification,  and  the  chemical  principle 

vegetation?  ^jj^  germination  of  seeds.  Seeds  which  ordinarily  re- 
quire ten  or  twelve  days  for  germination  will  germinate  under  a  blue 
glass  in  two  or  three.  The  reason  of  this  is,  that  the  blue  glass  per- 
mits the  chemical  principle  of  light  to  pass  freely,  but  excludes,  in  a 
great  measure,  the  heat  and  the  light.  On  the  contrary,  it  is  nearly 
impossible  to  make  seeds  germinate  under  a  yellow  glass;  because  it 
excludes  nearly  all  the  chemical  influence  of  the  solar  ray. 


SECTION   IV. 

INTERFERENCE  OP  LIGHT. 

649.  As  two  sets  of  sound-waves  or  vibrations 
Can  waves  may  SO  combine  as  to  modify  or  destroy 
madf^tl^*  each  other,  and  thus  produce  partial  or 
interfere?  ^q^^i  silencc,  SO  two  waves  or  vibrations  of 
light  may  be  made  to  interfere  and  produce  various 
colors,  or  entire  darkness. 

If  we  stand  at  the  junction  of  two  streams  of  water,  it  will  be 
noticed  that  when  the  waves  from  each  meet  in  the  same 
the  inter-         ^^^^^  °^  vibration,  the  resulting  wave  will  be  equal  to 
ference  the  two  combined ;  if,  however,  one  wave  is  half  an 

of  light  undulation  behind  the  other,  the  crest  of  one  will  meet 

darkness  ?  *^^  hollow  of  the  other,  and  comparatively  smooth  water 
will  be  the  result.  So  if  two  pencil-rays  of  light,  radi- 
ating from  two  points,  reach  a  point  of  interference  at  the  same  degree 
of  elevation,  a  spot  of  double  the  luminous  intensity  of  either  will  be 
produced ;  but,  if  one  is  half  a  vibration  behind  the  other,  the  result 
will  be,  that  a  dark  instead  of  a  light  spot  will  be  apparent. 

650.  If  a  plano-convex  lens,  of  a  long  focus,  be  pressed  upon  a 
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plane  plate  of  glass,  and  illuminated  on  its  upper  surface  by  homo- 
geneous light  (light  of  the  same  kind),  as  for  example    what  are 
by    red  light,  the  phenomena  of  a  series  of   alternate    Newton's 
dark  and  colored  rings,  known  as   "Newton's   rings,"   ri°K«? 
will  be  manifested,  as  shown  in  Fig.  261.     In  the  center,  at  the  point 
of  contact,  a  black  cir- 
cle will  occur,  and  after 
that  the  rings  are  suc- 
cessively black  and  red. 
These  circles  arc  pro- 
duced by  the  interfer-  jr,^,  ^g, 
ence  of  the   waves   of 

light.  Thus,  if  a  ray  of  light  be  caused  to  fall  upon  the  upper 
surface  of  the  lens,  it  is  partly  reflected  and  partly  refracted.  The 
refracted  ray  passing  through  the  lens  strikes  against  the  plane  sur- 
face beneath,  and  is  reflected  back  from  such  surface  through  the 
lens.  If  the  retardation  of  the  refracted  ray  in  its  journey  through  the 
lens,  and  thin  film  of  air  between  the  lens  and  plate,  amounts  to  a 
whole  wave-length,  or  to  an  even  number  of  half-undulations,  the 
reflected  and  refracted  rays  will  be  in  accordance,  and  a  bright  circle 
will  result.  But,  when  the  retardation  amounts  to  an  odd  number  of 
half-undulations,  the  rays  will  interfere,  and  neutralize  or  destroy  each 
other,  and  a  dark  ring  will  be  occasioned. 

By  measuring  the  thickness  of  the  layers  of  air  between  the  plates, 
it  has  been  found  that  the  thicknesses  corresponding  to  the  dark  rings 
are  proportional  to  the  numbers  o,  2,  4,  6  ... ;  while  for  the  bright 
rings  the  thicknesses  are  proportional  to  the  numbers  it  3t  5  •  •  •  • 
For  the  first  bright  line  the  thickness  amounts  to  ^yg^i^TpT  ^^  ^^  inch.* 

If  the  lens  be  illuminated  by  white  light,  the  rings  will  be  of  differ 
ent  colors,  according  to  the  various  refrangibilities  of  the  constituent 
rays  of  the  light. 

The  brilliant  tints  of  soap-bubbles,  and  thin  plates  of  different 
transparent  bodies,  are  examples  of  the  interference  of   ^^^  j^  ^^^^^ 
light ;  for  the  undulations  reflected  from  the  first  surface    produced  by 
interfere  with  those  reflected  from  the  second,  and  thus   *he  interfer- 
produce  the  various  colors.  ^^^^  °   **^ 

*  According  to  these  numbers,  the  dark  circles  should  be  bright,  and  the  bright 
dark.  But  these  measurements  take  into  account  only  the  effect  produced  on  the  ray 
by  the  film  of  air  between  the  plates.  But  in  passing  from  the  lens  into  air,  and  from 
the  air  back  into  the  lens,  the  rays  undergo  refraction,  and  a  further  retardation  ensues 
which  amounts  to  one  half-wave.  With  this  correction  the  theory  is  found  to  agree 
with  facu. 
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The  varying  play  of  colors  exhibited  by  films  of  oil  on  the  surface 
of  water,  and  the  iridescent  appearance  of  mother-of-pearl,  the  scales 
of  fishes,  and  the  wings  of  some  insects,  are  all  phenomena  also  re- 
sulting from  the  interference  of  light. 

651.  If  sunlight  be  admitted  into  a  darkened  room  by  a  very  small 
ExDlain  the  aperture,  such  as  a  pin-hole,  and  allowed  to  fall  upon  a 
phenomenon  screen,  it  will  illuminate  an  area  very  much  larger  than 
of  diffraction  the  size  of  the  aperture.  An  opaque  body  placed  be- 
^    ^^    '  tween  the  aperture  and  the  screen  will  not  throw  upon 

the  screen  a  sharply  defined  shadow,  as  would  be  expected,  but  a 
shadow  is  formed  which  is  surrounded  by  three  colored  fringes. 
When  the  object  casting  the  shadow  is  long  and  very  narrow,  as  a 
hair,  the  colored  fringes  occur  likewise  within  the  shadow.  If  light  of 
one  color  be  employed,  as  red,  the  fringes  are  alternately  black  and 
red. 

In  Fig.  262,  L  is  the  aperture,  with  a  lens  which  aids  in  the  study 
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of  these  appearances ;  a  is  the  edge  of  the  object,  and  the  screen  is 
represented  at  d.  B  is  the  front  of  the  screen,  and  shows  the  fringes. 
This  phenomenon  is  known  as  diffraction  of  light,  and  may  be  ex- 
plained on  the  same  principle  as  was  employed  in  the  case  of  New- 
ton's rings,  —  the  interference  of  light. 

On  allowing  light  to  pass  through  a  large  number  of  very  small 
openings  arranged  in  regular  order,  colored  fringes  will  be  produced. 
These  fringes  may  at  times  be  seen  by  nearly  closing  the  eyelids,  and 
looking  at  a  lighted  candle  through  the  grating  formed  by  the  lashes, 
or  by  looking  at  some  luminous  object  through  a  piece  of  thin  cloth. 
In  the  latter  case,  the  fibers  form  the  grating.  But  the  most  common 
method  of  producing  such  fringes  is  by  allowing  light  to  pass  through 
a  glass  on  which  are  ruled,  with  a  diamond-point,  a  large  number  of 
very  fine  lines.  Where  the  lines  occur,  the  glass  is  opaque ;  and,  from 
the  interference  of  the  waves  of  light  passing  between  the  lines,  fringes 
will  result. 
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SECTION  V. 


DOUBLE  REFRACTION  AND  POLARIZATION  OF    LIGHT. 

652.  Double  refraction  is  a  property  which  certain 
transparent  substances  possess,  of  causing  . 

a  ray  of   light,  in  passing  through  them,   double 
to   undergo  two  refractions;   that   is,  the  '®'®*^*°° 
single  ray  of  light  is  divided  into  two  separate  rays. 

A  very  common  mineral,  called  "  Iceland  spar,"  which  is  a  crystal- 
lized form  of  carbonate  of  lime,  is  a  remarkable  example  of  a  body 
possessing  double  refracting  properties.  It  is  usually  transparent  and 
colorless ;  and  its  crystals,  as  shown  in  Fig.  265,  have  the  geometrical 
form  of  a  rhomb,  or  rhomboid,  this  term  being 
applied  to  a  solid  bounded  by  parallel  faces,  in- 
clined to  each  other  at  an  angle  of  105°. 

The  manner  in  which  a  crystal  of  Iceland 
spar  divides  a  ray  of  light  into  i„^,3t,^te  the 
two  separate  portions  is  clearly  phenomenon 
shown  in  Fig.  263,  in  which  S  T  of  double 
represents  a  ray  of  light,  falling  '«^"c«°°- 
upon  the  surface  of  a  crystal  of  Iceland  spar, 
A  D  E  C,  in  a  perpendicular  direction.     Instead  |,',q  g^, 

of  undergoing  in  its  passage  through  the  crystal 

a  single  refraction,  as  when  passing  through  a  plate  of  glass,  the  ray  is 
divided  into  two  separate  rays.  The  one,  T  O,  called  the  ordinary 
ray,  obeys  the  law  of  single  refraction,  —  that  the  sines  of  the  angles  of 
incidence  and  refraction  bear  a  constant  ratio  to  each  other.  The 
other,  T  P,  called  the  extraordinary  ray,  is  refracted  to  a  greater  de- 
gree, and  only  in  particular  positions  does  it  follow  this  law. 

653.  On  examining  an  object  by  means  of  a  double  refracting  crys- 
tal, each  ray  will  produce  an  image  of  the  object,  so  that  a  double 
image  will  be  perceived.  In  Fig.  264,  this  result  is  shown ;  the  crystal 
employed  being  a  plate  of  Iceland  spar.     On  turning  the  spar,  the 

image  produced  by  the  extraordinary  ray  will  revolve  round  the  other, 
while  the  latter  remains  stationary.     Crystals  of  many  other  sub- 
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Stances,  such  as  mica,  topaz,  gypsum,  it.,  possess  the   property  of 
double  refraction,  but  not  in  so  remarkable  a  degree  as  Iceland  spar. 


Whatai 


directions    along 
:  h    objects   when 
viewed    through    them 
appear  single ;    these  di- 
;  termed  the 
„  lines,  or  axes,  of  double 

refraction.  In  the  case 
ot  Iceland  spar,  there  is  one  axis  of  double  refraction,  i.e.,  one  direc- 
tion along  which  objects  when  viewed  appear  single;  this  is  in  the 
direction  of  the  line  a  i.  Fig.  Z65,  which  joins  the  two  obtuse  three- 
sided  angles.  If  the  summits  a  and  i  be  ground  down  and  polished, 
no  double  refraction  will  occur  in  looking  through  the  crystal  in  this 
direction. 

654-  In  3  double  refracting  medium,  the  ether  included  between  its 
molecules,  owing  to  a 
certain   arrangement  of   I 
nomeaan         these  molecules,  is  sup-  I 
of  double  posed  to  possess  differ-    I 

^^^j  ent  degrees  of  elasticity    I 

in  different  directions.  H 
In  consequence  of  this  difference  in  I 
elasticity,  each  wave  of  light  is  divided  f      ™a 

into  two,  which,  possessing  different 
velocities,  are  therefore  refracted  at  different  angles. 

That  it  is  owing  to  the  molecular  arrangements  of  the  medium,  is 
shown  by  the  fact  that  water  is  incapable  of  producing  double  refrac- 
tion ;  but,  when  crystallized  into  ice,  it  divides  the  light  into  two  rays, 
and  occasions  the  phenomena. 

655.  When  a  ray  of  light  has  been  reflected  from 

the  surface  of  a  body  under  certain  special 

pourited        conditions,  or  transmitted  through  certain 

transparent   crystals,    it   undergoes   a   re- 
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tnarkable  change  in  its  properties,  so  that  it  is  no 
longer  reflected  and  refracted  as  before.  The  effect 
thus  produced  upon  it  has  been  called  polarization, 
and  the  ray  or  rays  of  light  thus  affected  are  said  to 
be  polarized. 


The  phenomenon  of  polarized   light  was  discovered  in  1808,  by 
Milus,  a  young  engineer-officer  ot  Paris.    On  one  occa- 
Bior,  as  he  was  viewing  through   a  double   refracting   S^J,^^ 
prism  of  Iceland  spar  the  iight  of  the  sun  reflected  from    and  phe. 
a  glass  window  in  one  of  the  French  palaces,  he  ob-   """"en*  of 
served  some  very  peculiar  effects.    The  window  acci-   y^^ 
dentally  stood  open  like  a  door  on  its  hinges  at  an  angle 
of  54°,  and  Malus  noticed  that  the  light  reflected  from  this  angle  was 
entirely  altered  in  its  character. 

The  construction  of  an  instrument  for  polarizing  light,  called  a 
polariscope,  is  shown  in  Fig.  266.  In  this,  A 
and  B  are  two  mirrors,  capable  of  being  inclined 
to  one  another  at  any  angle.  The  mirror  B  Can 
also  be  turned  by  means  of  the  circles  C  C.  If 
we  allow  a  ray  of  light  reflected  from  the  mirror 
C  A,  at  an  angle  of  about  54°,  to  fall  upon  the  mir- 
ror B,  and  then  be  reflected  al  the  same  angle 
on  to  a  screen,  it  will  be  found  that,  as  the  mir- 
ror B  turns  on  the  circles  C  C,  the  light  will  be 
so  altered  in  its  degree  of  intensity,  that  it  will 
have  points  where  it  is  very  bright,  and  others 
where  it  will  entirely  disappear.  It  is  thus 
proved  that  light 
reflected  from 
^  glass  at  an  angle 
—  of  about  54°  has 

undergone  some 
peculiar  modiflcation,  01,  as  il  has  been 
termed,  has  become  polarized. 

656.  Certain  minerals,  especially         f„  ^_  p„  ,jj^ 

those   called   "  tourmalines,"  have   the 
property  of  polarizing  a  ray  of  light  transmitted  through  them. 

If  a  ray  of  light  be  caused  to  pass  through  two  thin  plates  of  tour- 
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maline,  placed  symmetrically  as  regards  their  axes,  it  passes  through 
both  without  difficulty,  but  will  be  slightly  colored  (Fig.  267).  On  the 
other  hand,  if  one  of  the  plates  be  turned  a  quarter  round,  the  light 
will  be  totally  cut  off  (Fig.  268). 

657.  According  to  the  undulatory  theory,  the  dif- 

How  is  the     ference  between 

polarization      ^  ^  ^  ^  ^  «      ^^^ 


of  light 


common 


Fig.  369. 


explained?  polarized  light 
may  be  explained  by  sup- 
posing that,  in  common 
light,  the  vibrations  of  the 
ether  which  produce  it  take 
place  in  every  possible  direction,  transverse  to  the 
path  of  the  ray;  but  in  polarized  light  they  take 
place  in  only  one  direction,  or  are  all  in  one  plane 
(Fig.  269,  A  and  B). 

Thus,  in  the  passage  of  a  ray  of  light  through  the  plate  of  tourma- 
line, only  one  set  of 
vibrations  is  trans- 
mitted, as  at  A,  Fig. 
270,  while  the  others  B 
are  absorbed.  The 
transmitted  ray,  hav- 
ing all  its  vibrations 
in  one  direction,  read- 
ily passes  through  a 
second  plate  of  tour- 
maline, the  structural 
arrangement  of  which 
is  symmetrical  with 
that  of  the  first ;  but,  if  this  arrangement  be  altered  by  turning  the 
plate  partially  round,  the  vibrations  are  intercepted.  In  the  same 
manner  a  sheet  of  paper,  B,  Fig.  270,  may  be  slipped  through  a  grat- 
ing, A,  its  plane  coinciding  with  the  length  of  the  bars ;  but  can  no 
longer  go  through  when  the  plane  of  the  bars  is  turned,  as  at  C,  a 
quarter  round. 


Fig.  270. 
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658.  Light  is  polarized   by  reflection  from  many 
different  substances,  such  as  glass,  water,  isUght 
air,    ebony,    mother-of-pearl,    surfaces    of  reflSlon^^ 
crystals,  &c.,  provided  that  the  light  falls  8u*5,™t^cei 
at  a  certain  angle  peculiar  to  each  surface,   than  iruss  ? 
This  angle  is  called  the  polarizing  angle. 

Since  the   discovery  of  polarized  light,  its  principles  have  been 
applied  to  the  determination  of  many  practical  results. 
Thus  it  has  been  found  that  all  reflected  light,  come    some  of  the 
from  whence  it  may,  acquires  certain  properties  which    practical 
enable   us  to   distinguish  it  from  direct  light;  and  the    applications 
astronomer,  in  this  way,  is  enabled  to  determine  with   J^J^p 
infallible  precision  whether  the   light  he  is  gazing  on 
(and  which  may  have  required  hundreds  of  years  to  pass  from  its 
source  to  the  eye)  is  inherent  in  the  luminous  body  itself,  or  is  derived 
from  some  other  source  by  reflection.     It  has  been  also  ascertained 
that  light  proceeding  from  incandescent  bodies,  as  red-hot  iron,  glass, 
and  liquids,  under  a  certain  angle,  is  polarized  light;  but  that  light 
proceeding,  under  the  same  circumstances,  from  an  inflamed  gaseous 
substance,  such  as  is  used  in  street-illumination,  is  always  in  a  natural 
state,  or  unpolarized.     Applying  these  principles  to  the  sun,  Arago,  a 
French  philosopher,  discovered  that  the  light-giving  substance  of  this 
luminary  was  of  the  nature  of  a  gas,  and  not  a  red-hot  solid  or  liquid 
body. 

In  a  similar  manner  the  chemist  is  able  to  determine,  by  the  man- 
ner in  which  light  is  reflected  or  polarized  by  a  crystallized  body, 
whether  it  has  been  adulterated  by  the  addition  of  foreign  substances. 

When  we  transmit  light,  whether  common  or  polarized^  through  a 
piece  of  well-annealed  glass,  it  suffers  no  change,  and  we  see  no  struc- 
ture in  the  glass  different  from  what  we  would  see  if  we  looked  through 
pure  water.  But  if  we  make  heat  pass  through  the  glass  by  placing 
the  edge  of  the  plate  upon  a  heated  iron,  or  if  we  either  bend  or  com- 
press the  glass  by  mechanical  force,  its  structure,  or  the  mechanical 
condition  of  its  particles,  will  be  changed.  If  we  now  transmit  common 
light  through  the  glass  thus  changed,  the  change  will  not  be  visible ; 
but  if  we  transmit  polarized  light  through  it,  and  allow  that  light  to  be 
reflected  from  a  transparent  body  at  an  angle  of  about  56°,  and  in  a 
plane  at  right  angles  to  that  in  which  the  common  light  was  reflected 
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and  polarized,  the  observer,  looking  through  the  glass,  will  see  the 
most  brilliant  colors,  indicating  the  effects  of  the  compressing  or 
dilating  forces,  or  of  the  contracting  or  expanding  cause ;  the  degree 
of  compression  or  dilatation,  of  expansion  or  contraction,  being  indi- 
cated by  the  colors  displayed  at  particular  parts  of  the  glass.  In  this 
way  polarized  light  enables  us  to  discover  that  certain  portions  of  a 
body  have  been  subjected  to  certain  mechanical  forces,  the  nature  of 
which  must  be  sought  for  in  the  circumstances  under  which  the  body 
has  been  originally  formed,  or  in  which  it  has  been  subsequently 
placed.  On  this  principle,  many  bodies  which  are  quite  transparent  to 
the  eye,  and  which  upon  examination  appear  to  be  perfectly  uniform, 
or  homogeneous  in  structure,  exhibit,  under  polarized  light,  the  most 
exquisite  organization.* 

659.  Many  crystals,  when  viewed  by  polarized  Jight,  exhibit  rings 
of  various  designs,  and  of  the  most  gorgeous  coloring.  Selenite, 
Iceland  spar,  and  arragonite,  are  examples  of  such  crystals.  The 
common  method  of  viewing  the  effect  of  polarized  light  on  such  crys- 
tals is  to  place  them  between  two  plates  of  tourmaline.  When  the 
axes  of  the  tourmaline  are  at  right  angles  to  one  another,  a  series  of 
colored  rings  are  produced,  traversed  by  a  black  cross  (Plate  I.,  7  and 
8).  If  the  axes,  however,  are  made  parallel,  the  rings  have  colors 
complementary  to  those  they  had  at  first,  and  a  white  cross  appears 
instead  of  the  black. 


SECTION  VI. 

THE  EYE,  AND  THE  PHENOMENA  OP  VISION. 

660.  If  we  make  a  small  aperture  through  the  shutter  of  a  darkened 

,.  ,       room,  the  images  of  external  objects  will  be  pictured 

If  an  opening    .    ..    .      ,         °  .  .  ,        .  .  ^ 

be  made  in       mdistmctly,  and  m  an  mverted  position,  upon  the  oppo- 

the  side  of  a  site  wall.  The  reason  of  this  will  appear  evident  from 
dark  Cham-  ^^  inspection  of  Fig.  271.  It  will  be  seen  that  the  rays 
will  images  ^^  ^ig^^  diverging  from  the  top  and  bottom  of  the  object 
of  external  cross  each  other  in  passing  through  the  aperture,  and 
rM  ^*'  t  d?  consequently  form  an  inverted  image.  This  image  is 
rendered  more  distinct  with  a  small  aperture  than  with 

*  The  phenomena  of  polarized  light  are  so  abstruse,  and  depend  to  so  great  an 
extent  on  experimental  illustration  for  their  proper  comprehension,  that  an  extended 
description  of  them  in  an  elementary  work  is  impossible. 
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a  large  one ;  since,  in  the  first  case,  the  rays  which  proceed  from  any 
particalar  part  of  the  object  fall  only  upon  the  corresponding  part  of 
the  image,  and  are  not  scattered  indiscriminately  over  the  whole  pic- 
ture, as  they  would  be  if  the  aperture  were  larger. 


Describe  the 
construction 
of  the 
camera- 
obscura. 


Fig.  271, 

If,  in  the  place  of  the  room  with  an  aperture  in  the  shutter,  we  sub- 
stitute a  dark  box,  with  a  double-convex  lens  fitted  into 
one  side,  a  picture  will  be  formed  on  the  opposite  side 
of  the  box,  or  upon  a  screen  placed  at  the  focal  distance 
of  the  lens.  This  picture  will  represent,  with  great 
beauty  and  distinctness,  whatever  is  in  front  of  the  lens, 
all  the  objects  having  their  proper  relations  of  light  and  shadow,  and 
their  proper  colors.     Such  an  apparatus  is  called  a  Camera-Obscura, 

Fig.  272  represents  the  ordinary  construction  of  the  camera- 
obscura.  It  consists  of  a  wooden  rectangular  box,  into  which  the  rays 
of  the  light  penetrate  through  a  convex  lens  placed  at  the  termination 
of  the  tube  B.  These  rays,  if  unobstructed,  will  form  an  image  upon 
the  opposite  side  of  the  box,  O ;  but  if  they  are  received  upon  a  mir- 
ror, M,  inclined  at  an  angle  of  45°,  their  direction  is  changed,  and  the 
image  will  be  formed  upon  a  screen,  or  plate  of  ground-glass,  N, 
placed  at  the  top  of  the  box.  By  placing  upon  this  screen  a  sheet  of 
tracing-paper,  the  outlines  of  the  image  may  be  readily  copied.  Such 
a  modification  of  the  camera  is  very  convenient  for  artists  and  trav- 
elers in  sketching  landscapes,  &c. 

661.  The   mechanical    arrangement    of  how  does 
the  eye   in    man  and  the  higher  animals  the  eye 

,  resemble 

is  the  same  as  that  of  the  camera-obscura,  the  camera- 
being  simply  a  double-convex  lens,  fitted  °****^"'*' 
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into  one  side  of  a  splierical  chamber,  through  which 

the  rays  of  light  pass  to  form  an   inverted   picture 
upon   the  back  of  the  chamber. 

In  man,  the  organs  of  vision  consist  of  two  hollow 
WhBtii  spheres,  each  about  an  inch  in  diameter, 
tbe  general  fi\\ed  with  certain  transparent  liquids,  and 
tbeeye  deposited  in  cavities  of  suitable  magnitude 

"  """  and  form,  in  the  upper  part  of  the  front  of 

the  head,  on  each  side  of  the  nose. 


The  eye  consists  essentially  of  four  coats,  or  mem- 
of  what  branes,  called  the  Schroilc  coat,  the  Choroid 
the'^t""  coat,  the  Cornea,  and  the  Retina;  and  these 
coniiat  ?  coats  iuclose  three  transparent  liquids, 
called  humors,  —  the  Atjueous  humor,  the  VHreous 
humor,  and  the  Crystalline  humor,  the  last  of  which 
has  the  form  of  a  lens. 
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66z.  Tig.  J73  shows  the  stniclure  of  the  eye.  The  sclerotic  coat,  i, 
is  a  strong,  tough  membrane,  to  which  Che  muscles  which  move  the  eye 
are  attached.  It  is  Ibe  external  coat  of  the  eye,  and  covers  about  four- 
fifths  of  the  surface  of  the  eyeball,  leaving  two  circular  openings,  one 
before  and  the  other 
behind  the  eye.  The 
cornea,  a,  is  the  clear, 

which  forms  the  front 
of  the  eyeball.  The 
choroid  coat,  i,  is  a 
delicate  membrane 
which  covers  the  in- 
ner surface  of  the 
sclerotic  coat.  It  is 
covered  on  the  inte- 
rior with  a  black  pig- 
ment, which  serves 
to  absorb    the    rays 

of  light  which  enter  '  '"' 

the  eye.  The  retina,  m,  formed  by  the  expansion  of  Ihe  optic  nerve,  «, 
is  a  delicate,  transparent  membrane  which  lines  the  inner  surface  of  the 
choroid  coat.  Behind  the  cornea  ia  a  flat  circular  membrane  called 
the  iris,  i:  d,  which  in  different  eyes  is  of  a  black,  blue,  or  gray  color. 
It  is  pierced  in  the  center  by  the  pupil,  a  circular  black  opening  throogh 
which  the  light  is  admitted  into  the  interior  of  the  eye.  The  crystal- 
line lens,/  is  a  colorless  and  perfectly  transparent  humor,  inclosed  by 
a  case  shaped  like  a  double-convex  lens.  Between  the  crystalline 
lens  and  (he  cornea  Is  a  space  tilled  with  a  fluid  resembling  pure 
water,  and  therefore  called  the  aqueous  humor,  b  e.  Behind  the  iris, 
and  occupying  all  the  interior  chamber  of  the  eye,  is  a  thick  liquid 
called  the  vitreous  humor,  h. 

663.  Rays  of  light  proceeding  from  an  object,  and 
entering  the  eye,  are  refracted  by  the  cor-  ^^^  ^^  ^^ 
nea  and  crystalline  lens,  and  made  to  con-  bytheorianm 
verge  to  a  focus  at  the  back  of  the  eye,  perceive 
and  form  an  image  upon  the  retina.     This  "  '"'* 
image,  by  producing  a  sensation  upon  the  optic  nerve, 
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conveys  in  some  unknown  way  to  the  mind  a  percep- 
tion and  knowledge  of  the  external  object. 

Fig.  274  represents  the 
manner  in  which  the  image  is 
formed  upon  the  retina  in  the 
perfect  eye.  The  curvature 
of  the  cornea,  s  j,  and  of  the 
crystalline  lens,  c  c,  is  just  suf- 
Fig.  274.  ficient  to  cause  the  rays  of 

light    proceeding    from    the 
image,  /  /',  to  converge  to  the  right  focusj  m  m,  upon  the  retina. 

Distinct  vision  can  only  take  place  in  the  eye  when 
When  does  the  comca  and  crystalline  lens  have  such 
vision^take  couvcxitics  as  to  bring  the  rays  of  light 
place?  proceeding  from   an   object   to   an   exact 

focus  upon  the  retina. 

As  the  rays  of  light  proceeding  from  distant  objects  enter  the  eye 
at  different  angles,  they  will  naturally  tend  to  meet  at 
eye  enabled  different  foci  after  refraction  by  the  crystalline  lens,  and 
to  see  objects  thus  form  indistinct  images.  This  is  remedied  by  a 
distinctly  at  power  which  the  eye  possesses  of  adapting  itself  to  the 
distances  ?  direction  of  the  light  proceeding  from  various  distances, 
so  that  in  the  healthy  eye  rays  coming  from  near  and 
distant  objects  are  all  equally  converged  to  a  focus  on  the  same  point 
of  the  retina.  The  eye  effects  this  by  increasing  or  diminishing  the 
sphericity  of  the  crystalline  lens  and  cornea. 

664.  A  person  is  said  to  be  near-sighted  when 
,„^    .    ^      the    curva- 

What  is  the 

cause  of  near-    turc    of    the 

sightedness  ?  ■, 

cornea  and 
crystalline  lens  is  so 
great  that  the  rays  of  ^''''  ''^• 

light  which  form  the  image  are  brought  to  a  focus 
before  they  reach  the  retina,  or  the  back  part  of  the 
eye.     The  object  therefore  is  not  distinctly  seen. 
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Fig'  275  represents  the  manner  in  which  the  image  is  formed  in  the 
eye  of  a  near-sighted  person. 

Short-sightedness  is  remedied  either  by  holding  the  object  nearer  to 
the  eye,  or  by   ^^^.^ 
the    employ-    short-sigrht- 
ment  of  specta-   cdness  rcm- 

cles  the  glasses   * 
of  which  are  concave  lenses, 
Fig.  276.    In  both  cases  the  f^;.  376. 

rays  proceeding  from  the  ob- 
ject enter  the  eye  with  a  greater  degree  of  divergence,  and  therefore 
do  not  converge  so  soon  to  a  focus. 

665.  A  person  is  said  to  be  far-sighted  when,  on 
account  of  a  flattening  of  the  cornea  and  ^hatuthe 
the  crystalline  lens,  the  rays  of  light  do  c«u»cof  far- 
not  converge  sufficiently  to  form  a  distinct  *  *^  *  "**' 
image  upon  the  retina. 

Fig.  277  represents  the  manner  in  which  the  image  is  formed  in  the 
eye,  when  the  cornea  or  crystalline  lens  is  flattened.  The  perfect 
image  would  be  produced  behind  the  retina,  and  of  course  beyond  the 
point  necessary  to  secure  distinct  vision. 


t^# 


Fig.  277.  Fig.  278. 

Long-sightedness  may  be  remedied  by  the  employment  of  specta- 
cles, the  glasses  of  which  are  convex  lenses  (Fig.  278).    jj^^  ^ 
These,  by  increasing  the  convergence  of  rays  of  light   long-sight- 
passing  through  them,  bring  them  sooner  to  a  focus  in   cdness  be 
the  eye,  and  thus  produce  the  image  upon  the  right  point   '*"* 
of  the  retina.* 

*  Birds  of  prey  are  enabled  to  adjust  their  eyes  so  as  to  see  objects  at  a  great  dis- 
tance, and  again  those  which  are  very  near.  The  first  is  accomplished  by  means  of  a 
muscle  in  the  eye,  which  permits  them  to  flatten  the  cornea  by  drawing  back  the 
crystalline  lens  ;  and,  to  enable  them  to  perceive  distinctly  very  near  objects,  their 
eyes  are  fumbhed  with  a  flexible  bony  rim,  by  which  the  cornea  is  thrown  forward  at 
will,  and  the  eye  thus  rendered  near-sighted. 
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Most  persons  of  advanced  age  are  troubled  with  long-sightedness, 
and  are  obliged  to  use  spectacles.  The  reason  of  this  is,  that,  as  the 
physical  organization  of  the  body  becomes  enfeebled,  the  humors  of 
the  eye  dry  up,  or  are  absorbed,  and  in  consequence  of  this  the  cornea 
and  crystalline  lens  shrink  and  become  flattened. 

666.  Beside  these  defects  of  the  eye,  a  person  may  have  the  sense 
of  vision  impaired  or  destroyed  by  an  injury  or  disease  of  the  optic 
nerve,  or  by  a  diminution  of  the  transparency  of  the  crystalline  lens. 
The  first  of  these  cases  is  called  amaurosis^  and  is  incurable:  the 
second,  which  is  called  cataract^  may  be  cured. 

The  images  formed  by  the  rays  of  light  upon  the  retina  are  inverted. 

As  the  ^^  '^^y  therefore  be  asked,  why  all  visible  objects  do 

images  on         not  appear  upside  down.    The  explanation  of  this  curi- 

the  retina  ^yg  point,  which  has  formed  the  subject  of  much  dis- 
are  inverted,  *-        »  ,,..,.  ,      . 

why  do  we       pute,  appears  to  be  this :  An  object  appears  to  be  in- 

not  see  them  verted  only  as  it  is  compared  with  some  other  objects 
upside  down?   ^j^j^,^  ^^^  ^^^^^     j£  ^jj  objects  hold  the  same  relative 

position,  none  can  be  properly  said  to  be  inverted.  Now,  since  all  the 
images  produced  upon  the  retina  hold,  with  relation  to  each  other,  the 
same  position,  none  are  inverted  with  respect  to  others ;  and,  as  such 
images  alone  can  be  the  object  of  vision,  no  one  object- of  vision  can 
be  inverted  with  respect  to  any  other  object  of  vision;  and  conse- 
quently, all  being  seen  in  the  same  position,  that  position  is  called  the 
erect  position. 

667.  We  judge  of  the  distance  and  size  of  an 
How  do  we  object  by  the  relative  direction  of  lines 
judge  of  the    drawn  from  the  object  to  the  eye,  and  by 

distance  and  ^  e 

size  of  an  the  angle  which  the  intersection  of  these 
object?  jj^^g  makes  with  the  eye.     This  angle  is 

called  the  angle  of  vision. 

The  student  will  bear  in  mind  that  an  angle  is  simply  the  inclination 
Explain  °^  ^^°  lines,  without  any  regard  to  their  length.    Thus, 

the  angle  in  Fig.  279,  the  lines  drawn  from  A  and  B,  C  and  D, 

of  vision.  which  may  be  supposed  to  represent  rays  of  light,  meet 
at  the  eye,  and  form  an  angle  at  the  point  of  intersection.  This  angle 
is  the  angle  of  vision. 

If  A  B,  Fig.  279,  represent  a  man  on  a  distant  mountain,  or  on  a 
church-steeple,  and  C  D  a  crow  close  by,  the  angle  formed  by  the 
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inclination  of  the  lines  proceeding  from  the  two  objects  will  be  equal, 
or  the  line  A  B,  which  is  the  height  of  a  man,  will  subtend  the  same 
angle  as  the  line  C  D,  which  is  the  height  of  the  crow ;  and  therefore 
the  man  appears  at  such  a  distance  no  larger  than  a  crow. 


ifer::>. 


^ 


Fig.  279. 


The  nearer  an  object  is  to  the  eye,  the  greater  must  be  the  inclina- 
tion of  the  lines  drawn  from  its  extremities  to  intersect    „       .   ,. 

HOW  IS  tne 

and  form  an  angle   at  the  eye,  and  consequently  the    an^leofvis. 
greater  will  be  its  angle  of  vision.     On  the  contrary,  the    >o°  affected 
more  remote  an  object  is  from  the  eye,  the  less  will  be     ^   **    °*^* 
the   inclination  of  the  lines,  and  the  less  the  angle   of  vision.    The 
nearer  an  object  is  to  the  eye,  therefore,  the  larger  it  will  appear. 

Thus  the  trees  and  houses  far  down  a  street  or  avenue  appear 
smaller  than  those  near  by,  and  the  size  of  a  vessel  seen  at  sea  dimin- 
ishes with  the  increase  of  distance.  The  moon,  on  account  of  its 
proximity,  appears  much  larger  than  any  of  the  stars  or  planets, 
although  it  is,  in  fact,  very  much  smaller. 

668.  The  optic  axis  of  the  eye  is  a  line  what  is  the 
drawn  perpendicularly  through  the  center  the  eye? 
of  the  cornea,  and  center  of  the  eyeball. 

The  reason  why  with  two  eyes  we  do  not  see  dou- 
ble is,  because  the  axis  of  both  eyes  is  ^hy^i^j, 
turned   to   one   point,    and   therefore   the  two  eyes  do 

•  .  1  ^i_  ^-  we  not  see 

same   impression   is   made   on  the  retma  the  same 

of  Pflrh    pvp  point  of 

01  eacn  eye.  an  object 

double  ? 
Thus,  if  some  small  object  be  held  between  the  eye 

of  an  observer  and  a  window,  and  the  eyes  directed  towards  the  object, 

the  bars  of  the  window  will  appear  double,  because  the  axes  of  the 
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eyd  are  not  turned  to  them.  If,  on  the  other  hand,  the  bars  be  looked 
at,  the  object  will  appear  double.  If  we  close  one  eye,  and  look  at 
some  near  object  with  the  oiher,  on  opening  the  closed  eye  Ihe  object 
will  for  an  instant  appear  double,  because  the  axis  of  the  eye  that  was 
closed  requires  a  short  period  of  lime  to  be  turned  lo  Ihe  object. 

669.  But  the  law  of  visioti  for  visible  objects  is  entirely  different 
from  that  for  points.  A  visible  object  can  not,  in  all  its  parts,  be  seen 
single  at  Ihe  same  instant  of  time;  but  the  two  eyes  converge  Iheir 
ajiesto  the  near  and  the  remote  parts  of  it  in  succession,  and  thus  give 
an  idea  of  the  different  distances  of  its  parts.  Any  defect  which  will 
prevent  the  two  eyes  from  moving  together  conjointly,  and  from  con- 
verging their  optic  axes  upon  every  point  of  an  object  in  succession, 
will  be  fatal  to  distinct  vision. 

In   viewing  an   object,  each   eye   sees   an  image 
What  if         slightly  differing  from   that   seen  by  the 
'jJeSTtht      other.     A  book  held  edgewise  at  a  short 
■icreoieope?   distance  ffom   the   nose   will  appear  dif- 
ferently to   the   two  eyes,  the  right  eye  seeing  the 
back    of   the  book  and  a  part  of 
the  right  cover,  the  left  eye  seeing 
the  back  and  a  part  of   the  left 
cover.     In    using   both   eyes,  the 
back  of  the  book  and  parts  of  the 
two  covers  are  seen,  and  the  ob- 
ject appears  solid.     This  principle 
is  used  in  the  construction  of  the 
stereoscope.     Two  views,  A  and 
B,  Fig.  280,  are  taken  of  the  same 
object  as  they  would  be  seen  by 
the  two  eyes,   and   thus  differing 
from    one    another.     On  viewing 
such  a  pair  of  pictures  in  the  stere- 
oscope, the  two  lenses,  E  and  E',  so  refract  the  rays 
of  light  coming  from  A  and  B,  that  the  views  are 
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blended  at  C,   and  appear  in  relief,  or  as  solid  ob- 
jects. 

Double  vision  may  be  produced  by  pressing 
slightly  from   the   side   upon   the   ball  of  „ 

^       J  ^  *  How  may 

either  eye  while  viewing  an  object.     The  douwe vision 
pressure  of  the  finger  prevents  the  ball  of    *^'°  ^^ 
one  eye  from  following  the  motion  of  the  other ;  and, 
the  axis  of  vision  in  each  eye  being  rendered  di£fer- 
ent,  we  see  two  images. 

Strabismus,  or  squinting,  is  caused  by  the  inability  of  one  eye  to 
follow  the  motions  of  the  other,  and  persons  so  affected  always  see 
double ;  practice,  however,  gives  them  power  of  attending  to  the  sen- 
sation of  only  one  eye  at  a  time.  It  is  from  this  inability  of  the  eye  to 
fix  its  optical  axis,  that  drunkards  see  double. 

670.  The  eye  possesses  a  limited  power  of  accom- 
modating itself  to  various  degrees  of  illu-  can  the  eye 
mination.  In  the  dark,  the  pupil  of  the  ?o  de'gillfof 
eye  enlarges  its  opening,  and  allows  a  i"um»°ation? 
greater  number  of  rays  to  fall  upon  the  retina:  in 
the  light,  the  pupil  contracts  in  proportion  to  the 
intensity  of  the  illumination,  and  diminishes  the 
number  of  rays  falling  upon  the  retina. 

This  change  does  not  take  place  instantaneously.     When  we  leave 
a  brilliantly-illuminated  apartment  at  night,  and  go  into    why,  in 
the  dark  street,  we  are  unable  for  a  few  moments  to  see    goinsr  from 
any  thing  distinctly.    The  reason  of  this  is,  that  the   *|j«  ^j^ht  into 
pupil  of  the  eye,  which  has  become  contracted  in  the    ^^  ^^^1  \x 
light,  is  unable  to  collect  sufficient  rays  from  the  objects    difficult  at 
in  the  dark  to  see  them  distinctly.    In  a  few  moments,   "'**  thin**? 
however,  the  pupil  dilates,  allows  more  rays  to  pass 
through  its  aperture,  and  we  see  more  distinctly.    The  reverse  of  this 
takes  place  when  we  go  from  the  dark  into  the  light.    Cats,  owls,  and 
some  other  animals,  are  able  to  see  distinctly  in  the  dark,  because  they 
have  the  power  of  enlarging  the  pupils  of  their  eyes  so  as  to  collect 
the  scattered  rays  of  light 


A 
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Every  impression  made  by  light  remains  for  a  certain  length  of 
time  on  the  retina  of  the  eye,  according  to  the  intensity  of  its  effects, 
and  a  measurable  period  is  necessary  to  produce  a  sensation. 

We  are  unable,  when  riding  rapidly  on  a  railroad,  to  count  the 
Wh  t  f  t  posts  of  an  adjoining  fence,  because  the  light  from  each 
prove  the  P^^^  ^^^^^  upon  the  eye  in  such  rapid  succession,  that  the 
continuance  different  images  become  confused  and  blended,  and  we 
of  the  image  ^^  ^^^  obtain  a  distinct  vision  of  the  particular  parts, 
retina  after  ^^  we  rotate  a  stick,  lighted  at  one  end,  somewhat 

the  object         rapidly,  it  seems  to  produce  a  complete  circle  of   fire. 

as  dis-  jj^g  reason  of  this  is,  that  the  eye  retains  the  image  of 

appeared  ?  .  .  •'  °     , 

any  bright  object  for  some  little  time  after  the  object  is 

withdrawn;  and,  as  the  light  of  the  stick  returns  to  each  particular 
point  of  its  path  before  the  image  previously  formed  has  faded  from 
the  retina,  it  seems  to  form  a  complete  circle  of  fire. 

This  continuance  of  the  impression  of  external  objects  on  the  retina 
Why  is  it  after  the  light  proceeding  from  them  has  ceased  to  act 
not  dark  is  the  reason  also  why  we  are  not  sensible  of  darkness 

when  we  when  we  wink. 

The  apparent  motion  of  certain  colored  figures  in 
worsted-work,  known  by  the  name  of  the  "  dancing  mice,"  is  due  to 
the  fact  that  when  the  surface  is  moved  in  a  particular  direction,  as 
from  side  to  side,  the  impression  of  the  color  on  the  retina  remains  for 
an  appreciable  interval  after  the  figures  have  moved,  and  this  gives  to 
them  an  apparent  motion.  This  effect  will  not,  however,  take  place 
unless  the  colors  of  the  figures  and  the  ground-work  are  very  brilliant, 
and  complementary  of  each  other,  as  red  upon  a  green  ground. 


SECTION   VII. 

OPTICAL  INSTRUMENTS. 

671.  The  portable  camera-obscura,  such  as  is  ordinarily  used  for 
Describe  photographic  purposes,  consists  of  a  pair  of  achromatic 

the  portable     double-convex  lenses,  set  in  a  brass  mounting  (see  Fig. 
camera-  281)  into  a  box  consisting  of  two  parts,  one  of  which 

scura.  slides  within  the  other.    The  total  length  of  the  box  is 

adjusted  to  suit  the  focal  distance  of  the  lens.    In  the  back  of  the  box, 
which  can  be  opened,  there  is  a  square  piece  of  ground-glass  which 
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receives  the  images  of  the  objects  to  which  the  lens  is  directed ;  and, 
by  sliding  the  movable  part  of  the  box  in  or  out,  the  ground-glass  can 

be  brought  to  the  precise  focus.  The  interior  of 
the  box  is  blackened  all  over,  to  extinguish  any 
stray  light. 

The  appearance  of  the  camera  as  described 
^    is  represented  by  Fig.  282. 

Fig.  a8i.  ^^^     SpCCtaclcS       COnsist      of      tWO 


are 


glass  or  crystal  lenses,  of  such  a  charac-  what 
ter  as  to  remedy  the  defects  of  vision  in  'p^c**^*®^^ 
imperfect   eyes,  mounted  in   a   frame,  so   as   to  be 
conveniently  supported  before  the  eyes. 

Spectacles  are  of  two  kinds :  namely,  those  with 


^s;S^ 


Fig.  282. 


convex  glass-    what  are 

h-i      the  two 
ICh    varieties  of 

magnify     ob-  spectacles? 

jects,     or     bring    their 

images    nearer    to    the 

eyes ;    and    those   with 

concave  glasses,    which 

diminish    the    apparent 

size  of  objects,  or  extend  the  limits  of  distinct  vision. 

Some  persons,  in  order  to  protect  the  eye  from  excessive  light,  use 
blue  glasses  as  spectacles  :  they  are,  however,  more  mischievous  than 
useful,  since  they  absorb  different  parts  of  the  spectrum  unequally, 
and  transmit  the  violet  and  blue  rays. 

673.  A  microscope  is  any  instrument  which  mag- 
nifies the  images  of  minute  objects,  and  what  is  a 
enables  us  to  see  them  with  greater  dis-  microscope? 
tinctness.  This  result  is  produced  by  enlarging  the 
angle  of  vision  under  which  the  object  is  seen ; 
since  the  apparent  magnitude  of  every  body  increases 
or  diminishes  with  the  size  of  this  angle. 
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Microscopes  are  of  two  kinds,  simpie  and  com- 

What  an  pOltnd. 

larieunof  I"  ^^^  simple  microscope,  the  object 
inieroKop«f  under  examination  is  viewed  directly, 
either  by  a  simple  or  compound  converging  lens. 

In  the  compound  mi- 
croscope, an  optical 
image  of  the  object, 
produced  upon  an  en- 
larged scale,  is  thus 
viewed. 

The  simple   microscope  is 

generally  a  simple  convex  lens 

in   the    focus   of   which    the 

object    to    be    examined   is 

placed.    Liitle  spheres  of  glass,  formed  by  melting  glass  threads  in 

the  flame  o£  a  candle,  forai  very 

powerful  microscopes. 

Fig'  283  represents  the  magni- 
fying principle  of  ihe  microscope. 
An  eye  at  E  would  see  the  arrow 
A  B  under  the  visual  angle  A  E  B ; 
but,  when  the  lens  F  F'  is  inter- 
posed, it  is  seen  under  the  visual 
angle  ai  A'  E  B',  and  hence  it  ap- 
pears much  enlarged,  as  shown  in 
the  image  A'  B'. 

Fig.  284  represents  a  convenient 
mode  of  mounting  a  simple  micro- 
scope. A  horizontal  support,  capa- 
ble of  being  elevated  or  depressed 
by  means  of  a  screw  and  ratch-work, 
D,  sustains  a  double«:onvex  lens, 
A.  The  object  to  be  viewed  is 
placed  upon  a  piece  of  glass,  C,  upon 
a  standard,  B,  immediately  below  the  lens.  As  it  is  desirable  that  the 
object  to  be  magnified  should  be  strongly  iUuminated,  a  concave  mir- 


ror  of  glass,  M,  is  placed  at  the  base  of  the  instniment,  inclined  at 
such  an  ai^le  as  to  reflect  Ihe  rays  of  light  which  fall  upon  it  directly 
upon  the  object 

674.  The  compound  microscope,  in  its  most  simple 
form,  consists  of  two  lenses,  so  arranged  ^^,,,,^^6 
that  the  second  lens  magnifies  the  image  MMtrucMon 
formed  by  the  first  lens,  or  simple  micro-  compound 
scope.  In  this  way  the  image  of  the  """"""P"' 
object  is  examined  by  the  eye,  and  not  the  object 
itself. 

The  first  of  these  lenses  is  called  the  object-glass, 
or  objective,  since  it  is  always  directed  no„,„u,o 
immediately  to  the  object,  which  is  placed  i™*""'* 

^  '  '  compound 

very  near  it ;  and  the  latter  the  eye-glass,  microKopa 
or  eye-piece,  inasmuch  as  the  eye  of  the  ''''"'""" 
observer  is  applied  to  it  to  view  the  magnified  image 
of  the  object. 

Fig.  2S5  iUuslrates  the  magnifymg  principle  of  the  compound 
microscope.     O  represents  the  object-glass  placed  near  the  object  to 
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be  viewed,  A  B,  and  G,  the  eye-glass  placed  near  the  eye  of  the 
observer.  E.  The  object-glass,  O,  presents  a  magnified  and  inverted 
image,  ab,tA  the  object  at  the  focus  of  the  eye-glass,  G.  The  image 
thus  formed,  by  meani  of  the  tecond  lens  or  eye-glass,  G,  is  magnified 
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and  brought  to  the  eye  at  E,  so  as  to  appear  under  the  enlai^ed  visual 
angle.  A'  E  B'.  If  wc  suppose  the  object-glass,  O,  to  have  a  minify- 
ing power  of  z;,  —  that  is,  if  the  image  a  b  equals 
85  A  B,  —  and  the  eye-glass,  G,  to  have  a  ma^i- 
fying  power  of  4,  then  the  total  magnifying  power 
of  the  microscope  will  be  4  X  25.  or  too;  that  is 
lo  say,  the  image  will  appear  too  times  the  size  of 
the  object 

Fig.  j86  represents  one  fonn  of  mounting  the 
lenses  which  compose  a  compound  microscope. 
The  lube.  A,  which  contains  in  its  upper  part  the 
eyeglass,  slides  into  another  tube,  B,  in  the  bottom 
of  which  the  object^lass  is  fixed ;  this  last  tube 
also  moves  up  and  down  in  the  stand  C,  and  in 
this  way  the  lenses  in  the  tubes  may  be  adjusted 
to  the  proper  distance  from  each  other  and  the 
object.  M  is  a  mirror  for  reflecting  light  upon  the 
object,  and  S  a  support  on  which  the  object  to 
be  examined  is  placed 

675.  A  telescope  is  any  instrument 
whatisa  which  magniBes  and  ren- 
teiMccpef  jjgj.g  visible  ^q  the  eye  the 
images  of  distant  objects.  This  result 
is  effected  in  the  same  manner  as  in 
the  microscope ;  viz.,  by  enlarging  the 
visual  angle  under  which  the  objects 

FlO.  =S6. 

are  seen. 

Telescopes  are  of  two  kinds,  refracting  telescopes 
How  mimy  and  reflecting  telescopes ;  the  principle  of 
u^K^i  construction  in  both  being  the  same  as 
■rethate?       (jjat  of  the  Compound  microscope. 

676.  The  refracting  telescope  consists  essentially 
What  1.  a  °^  *^*'  convex  lenses,  the  object-glass  and 
rerractiDB  the  cye-glass.  An  inverted  image  of  an 
object,  as  a  star,  is  produced  by  the  object- 
glass,  and  magnified  by  the  eye-glass. 
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Fig.  287  represents  the  principle  of  construction  of  the  astronomical 
refracting  telescope.  O  is  an  object-glass  placed  at  the  end  of  a  tube, 
which  collects  the  rays  proceeding  from  a  distant  object,  and  forms  an 
inverted  image  of  the  same  at  O  O',  in  the  focus  of  the  eye-glass,  G. 
By  this  the  image  is  magnified,  and  viewed  by  the  eye  at  £. 

O  O 


Fig.  287. 

(^yj,  A  spy-glass,  or  terrestrial  telescope,   differs 
from  an  astronomical  telescope  only  in  an  ^hat  i»  a 
adjustment  of  lenses,  which  enables   the  spy-giass? 
observer  to  see  the  images  of  objects  erect  instead 
of  inverted.     This  is  effected  by  the  addition  of  two 
lenses  placed  between  the  eye  and  the  image. 

The  arrangement  of  the  lenses,  and  the  course  of  the  rays  of  light, 
in  a  common  spy-glass,  are  represented  in  Fig.  288.  O  is  the  object- 
glass,  and  C  L  M  the  eye-glasses,  placed  at  distances  from  each  other 
equal  to  double  their  focal  length.    The  progress  of  the  rays  through 

C 


Fig.  288. 

the  object-glass,  O,  and  the  first  eye-glass,  C,  is  the  same  as  in  the 
astronomical  telescope,  and  an  inverted  image  is  formed;  but  the 
second  lens,  L,  reverses  the  image,  which  is  viewed,  therefore,  in  an 
erect  position  by  the  last  eye-glass,  M. 

6y2i.  The    common    opera-glass,   also    called    the 
Galilean   telescope,  from   Galileo,   its   in-  what  is  the 
ventor,  consists  of  a  single  convex  object-  of°hc"*^ 


opera- 


glass,  and  a  concave  eye-glass. 


glass  ? 
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Fig.  289  represents  the  construction  of  this  form  of  telescope.  O 
is  a  single  convex  object-glass,  in  the  focus  of  which  an  inverted  image 
of  the  object  would  be  naturally  formed,  were  it  not  for  the  interposi- 
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tion  of  the  double-concave  lens,  E.  This,  receiving  the  converging 
rays  of  light,  causes  them  to  diverge  and  enter  the  eye  parallel,  and 
form  an  erect  image. 

679.  A  reflecting  telescope  consists  essentially  of 
a  concave  mirror,  the  image  in  which  is 

What  is  a  r         1  1  • 

reflecting       magnified  by  means  of  a  lens.     The  mir- 

telescope?  1  j     •  n      a.*  a.   ^ 

ror  employed  in   reflecting  telescopes   is 
made  of  polished  metal,  and  is  termed  a  speculum. 

The  most  common  form  of  the  reflecting  telescope  is  that  known  as 

the  Newtonian, 
represented  i  n  ' 
Fig.  290.  It 
consists  of  a 
large  concave 
speculum,  A  B, 
set  in  one  end 
of  a  tube,  and  a 


Fig.  290. 


small  plane  mirror,  C  D,  placed  obliquely  to  the  axis  of  the  tube.  The 
image  of  a  distant  object,  formed  by  the  speculum  A  B,  is  reflected 
by  the  mirror,  C  D,  to  a  point  m'  n\  on  the  side  of  the  tube,  and  is 
there  viewed  through  an  eye-glass,  E. 

The  largest  reflecting  telescope  ever  constructed  is  that  made  by 
Lord  Rosse,  and  located  at  Parsonstown,  in  Ireland.  Its  external 
appearance  and  method  of  mounting  is  represented  in  Fig.  291.  The 
diameter  of  the  speculum  is  six  feet,  and  its  weight  about  four  tons. 
The  tube  in  which  it  is  placed  is  of  wood  hooped  with  iron,  52  feet  in 
length,  and  seven  feet  in  diameter.     It  is  counterpoised  in  every  direc- 
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don,  and  moves  between  two  walls  24  feet  distant,  71  feel  long,  and  48 
feet  high.  The  observer  stands  on  a  platform  which  rises  or  falls,  or 
at  great  elevation  upon  sliding  galleries  which  draw  out  from  the  wall. 
This  telescope  commands  an  immense  field  of  vision  j  and  it  is  said 
that  objects  as  small  as  100  yards  cube  can  be  distinctlv  observed  by 
it  on  the  moon  at  a  distance  of  140,000  miles. 


680.  The  magic-lantern  is  an  optical  instrument 
adapted  for  exhibiting  pictures  painted  on  , 

glass   in   transparent   colors,   on   a   large  nude- 
scale,  by  means  of  magnifying-lenses. 

It  consists  of  a  metallic  box,  or  lantern,  Fig.  292,  containing  a 
lamp,  behind  which  is  placed  a  metallic  concave  mirror,  M.  In  front 
of  the  lamp  are  three  lenses,  fixed  in  a  tube  projecting  from  the  side 
of  the  lantern,  one  of  which  is  called  the  illuminator,  and  the  others 
the  magnifiers.  The  objects  to  be  exhibited  are  painted  on  thin  plates 
of  glass,  which  are  introduced  by  a  narrow  opening  in  the  tube,  a  i, 
between  the  two  lenses.    The  mirror  and  ihe  first  lens,  L,  serve  to 
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illuminate  the  painting  in  a  high  degree ;  for,  the  lamp  being  placed  in 
their  foci,  they  throw  a  brilliant  light  upon  it,  and  the  magnifying- 
lenses,  m,  which  can  slide  in  their  tube  a  little  backward  and  forward,  are 
placed  in  such  a  position  as  to  throw  a  highly  magnified  image  of  the 
drawing  upon  screens  several  feet  off,  the  precise  focal  distance  being 
adjusted  by  s*liding  the  lenses.  The  farther  the  lantern  is  withdrawn 
from  the  screen,  the  larger  the  image  will  appear ;  but  when  the  dis- 
tance is  considerable  the  image  becomes  indistinct. 


Fig.  292. 

681.  The  beautiful  optical  combinations  known  as 

dissolving-views  are  produced  by  means 
dissolving,     of  two  magic-lantcms  of  equal  power,  so 

views  7 

placed  as  to  throw  pictures  of  precisely 
equal  magnitude  on  the  same  part  of  the  same  screen. 
By  gradually  closing  the  aperture  of  one  lantern,  and 
opening  that  of  the  other,  a  picture  formed  by  the 
first  may  seem  to  be  dissolved  away  and  changed 
into  another. 

Thus,  if  the  picture  produced  by  one  lantern  represents  a  day  land- 
scape, and  the  picture  produced  by  the  other  the  same  landscape  by 
night,  the  one  may  be  changed  into  the  other  so  gradually  as  to  imi- 
tate with  great  exactness  the  appearance  of  approaching  night. 

682.  The  solar  microscope  is  an  optical  instrument 


LIGHT. 


409 


constructed  on  the  principle  of  the  magic-lantern, 
but  the  light  which  illuminates   the   ob-  what  is  a 
ject  is  supplied  by  the  sun  instead  of  a  scipc"**^'^" 
lamp. 

This  result  is  effected  by  admitting  the  rays  of  the  sun  into  a  dark- 
ened room,  through  a  lens  placed  in  an  aperture  in  a  window-shutter, 
the  rays  being  received  by  a  plane  mirror  fixed  obliquely  outside  the 
shutter,  and  thrown  horizontally  on  the  lens.  The  object  is  placed 
between  this  lens  and  another  smaller  lens,  as  in  the  magic-lantern ; 
and  the  magnified  image  formed  is  received  upon  a  screen.  In  Fig. 
293,  which  represents  the  construction  of  a  solar  microscope,  M  is  a 
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plane  mirror,  A  the  illuminating  lens,  and  L  the  magnifying  lens.  The 
objects  to  be  magnified  are  placed  between  the  lenses  £  and  L.  In 
consequence  of  the  superior  illumination  of  the  object  by  the  rays 
of  the  sun,  it  will  bear  to  be  magnified  much  more  highly  than  with 
the  lantern.  Hence  this  form  of  microscope  is  often  employed  to 
represent,  on  a  very  enlarged  scale,  various  minute  natural  objects, 
such  as  animalcules  existing  in  various  liquids,  crystallization  of  vari- 
ous salts,  and  the  structure  of  vegetable  substances. 


CHAPTER   XIV. 

MAGNETISM. 

683. .  A  NATURAL  magnet,  sometimes  called  a  load- 
«,^    .  stone,  is  an  ore  of  iron,  known  as  the  pro- 

natural  toxide  01  iron,  or  magnetic  oxide  of  iron, 

mugnet         which  is  Capable  of  attracting  other  pieces 
of  iron  to  itself. 

Natural  magnets  are  by  no  means  rare :  they  are  found  in  many 
^^^^^^^  places    in  the  United  States,   and    in 

.   1^^^^^^^^^^^  J     Arkansas,    especially,    an   ore    of  iron 
^■^^^^^^^^^^^■r~~    possessing  remarkably  strong  attractive 
WSff^^^^^^^^^\\\,     powers  is  very  abundant. 
( 1  \  \  \  The  magnetic  ore  is  usually  of  a  dark 

color,  and  possesses  but  little  metallic 

luster.    If  a  piece  of  this  ore  be  dipped  in 

iron-filings,  or  brought  in  contact  with  a  number  of  small  needles,  they 

will  adhere  to  the  extremities  of  the  magnet,  as  is  represented  in 

Fig.  294. 

When  a  natural  magnet  is  brought  near  to,  or  in. 
Can  a  mag.  contact  with,  a  piece  of  soft  iron  or  steel, 
nfcateuT""  ^^  communicatcs  its  attractive  properties, 
propcrticB?  and  renders  the  iron  a  magnet.  In  doing 
so,  it  loses  none  of  its  original  attractive  influence. 

Bars  of  iron  or  steel  which  by  contact  with  natural 
What  are  ^lagncts,  or  by  other  methods,  have  ac- 
artificiai         Quircd   masTnetic    properties,   are    termed 

magnet.?  ^-n    -    y  . 

artificial  magnets. 
410 
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For  all  practical  purposes,  artificial  magnets  are  used  in  preference 
to  natural  magnets,  and  can  be  made  more  powerful. 

The  attractive  force  of  magnets  has  received  the 
name  of  Magnetic  Force,  and  that  depart-  Dei&nethe 
ment  of  science  which  treats  of  magnets  Se^rms*' 
and  their  properties  is  denominated  Mag-  »*£nctic 

netlSm,  magnetiBm. 

This  designation  must  not  be  confounded  with  animal  magnetism, 
a  term  which  has  been  adopted  to  designate  a  certain  influence  which 
one  person  may  exercise  over  another  by  means  of  the  will. 

684.  The  attractive  power  of  the  magnet  is  not 
diffused  uniformly  over  every  part  of  its 
surface,  but  resides  principally  at  opposite  the  poies  of 
points  or  extremities  of  its  surface.     These  *  """^ 
points  are  termed /^/^j. 

Between  the  regions  of  greatest  attraction,  a  part 
may  be  found  where  the  attractive  influence  wholly 
disappears.  This  part  is  called  the  neutral  line,  or 
the  equator  of  the  magnet. 

When  a  bar-magnet  is  rolled  in  iron-filings,  the  filings  attach  them- 
selves  to  the 
magnet  in  the 
manner  repre- 
sented in  Fig. 
295,  and  in  this 

way  clearly  indi-  _ 

,    ,        .  Fig.  295. 

cate  the  location 

of  the  magnetic  force. 

The  attraction  of  a  magnet  is  stronger  at  its  cor- 
ner than  at  its  flat  surface. 

685.  When  a  magnet  is  supported  in  J^,7,f„'^^i„ 
such  a  way  as  to  move  freely,  it  will  rest  a  magnet 

1      .  .^.  .  '^v    '.  1  freely  »UB- 

only  in  one  position,  viz.,  with  its  poles,  or  pended  rest  ? 
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extremities,  directed  nearly  north  and  south.  If 
drawn  aside  from  this  position,  it  will  continue  to 
vibrate  backward  and  forward  until  it  again  rests  in 
the  same  position. 

This  property  of  a  magnet  is  termed  magnetic  polarity,  or  directive 
power. 

The  pole  or  extremity  of  the  magnet  that  con- 
whatar  stantly  points  toward  the  north  is  called 
the  north  the  north  pole,  and  the  one  that  points 
poles  of  a  toward  the  south,  the  south  pole,  of  the 
"•«^°**'        magnet. 

6S6,  When  two  bodies  possessing  magnetic  prop- 
what  is  the  ertics  are  brought  near  or  in  contact  with 
of  magnet^  cach  Other,  the  like  poles  will  repel,  and 
attractions     the  unlikc  attract,  each  other. 

and  repul- 

Bions?  Thus,  the  north   or  the  south  poles  of 

two  magnets  repel  each  other ;  but  the  north  pole 
of  the  one  will  attract  the  south  pole  of  the  other. 

This  fact  proves  that  the  two  poles  of  a  magnet  are  not  identical 
in  their  properties,  as  might  be  inferred  from  the  experiment  described 
in  §  684. 

687.  Magnetism   may  be   excited  most  readily  in 

In  what  sub-  ^^^^  ^"^  stccl.  In  stccl  the  magnetic 
stances  may    property,  whcu   iuduccd,  remains   perma- 

magnctism       ^      ^        J'  \  ^ 

bcmostcasi-  ucut ;  but  soft  irou  loscs  its  power  as  soon 
ly  excited       ^^  j^  j^  rcmovcd  from  the  influence  of  the 

exciting  magnet.  Nickel,  cobalt,  chromium,  and 
manganese,  may  also  be  rendered  magnetic. 

Recent  investigations  have  shown  that  the  influence  of  magnetism, 
which  was  once  supposed  to  be  wholly  restricted  to  iron  and  its  com- 
pounds, is  almost  as  pervading  and  wide-extended  as  that  of  electricity. 
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The  emerald,  the  ruby,  and  other  precious  stones,  the  oxygen  of  the 
air,  glass,  chalk,  bone,  wood,  and  many  other  substances,  are  more  or 
less  susceptible  to  magnetic  influence.  This  influence  in  these  sub- 
stances, however,  is  perceptible  only  by  the  nicest  tests,  and  under 
peculiar  circumstances. 

688.  The  magnetic  power  of  an  iron  or  steel  mag- 
net appears  to  reside  wholly  upon  the  sur-  where  does 
face,  and  to  circulate  about  it.  powTr"of"f'' 

To  render  a  bar  of  steel  magnetic,  the  body  reside? 
north  pole  of  a  magnet  is  placed  on  the  center  of  a 
bar  of  steel,  and  repeatedly  drawn  over  it  How  may 
toward   one  extremity;   the  other  half  is  J^n^ered 
subjected  to  a  similar  treatment  with  the  magnetic? 
south  pole  of  the  magnet :  the  bar  is  thus  rendered 
magnetic,  and  only  loses  this  property  when  strongly 
heated. 

A  bar  of  soft  iron  becomes  magnetic  by  simple 
contact  with   a  magnet,  but  the  effect  is  „ 

^  How  IS  soft 

not  permanent.  iron  mag- 

It  is  not  necessary  that  absolute  contact 
should  take  place  between  a  bar  of  soft  iron  and  a 
magnet,  in  order  to  render  the  iron  mag-  May  iron  be 
netic ;  but  whenever  a  magnet  is  brought  ^gneti*  by 
near  to  a  piece  of  iron  in  any  shape,  the  induction  ? 
latter  is  rendered  magnetic  by  the  influence  of  the 
former.     To  this  phenomenon  the  name  of  induction 
has  been  given ;  and  the  distance  through  which  this 
effect  can  take  place  is  called  the  magnetic  atmos- 
phere. 

Thus,  let  a  bar  of  soft  iron,  B,  Fig.  296,  be  brought  near  to  a  mag- 
net, A.  By  induction  the  bar  will  be  rendered  magnetic,  the  end  of 
the  bar  toward  the  south  ( — )   pole  of  the  magnet  constituting  its 
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north  (-|-)  pole,  and  the  other  end  its  south  pole.  This  bar  in  turn 
may  induce  magnetism  in  a  second  bar,  C,  and  C  may  act  in  like  man- 
ner upon  D ;  but  in  each  successive  case  the  attraction  diminishes  in 
force,    dn  removing  the  magnet,  A,  the  bars  will  lose  their  magnetism. 

A  B  C  D 

Fig.  296. 

In  all  cases,  where  either  pole  of  a  magnet  is  brought  near  to  or  in 
contact  with  bodies  capable  of  acquiring  magnetism,  the  part  which  is 
nearest  to  the  pole  of  the  magnet  acquires  a  polarity  opposite,  while 
the  remote  extremity  becomes  a  pole  of  the  same  kind:  hence  the 
attraction  of  a  magnet  for  iron  is  simply  the  attraction  of  one  pole  of 
a  magnet  for  the  opposite  pole  of  another. 

The  general  effect  of  magnetization  by  induction  may 
be  clearly  exhibited  by  bringing  a  powerful  magnet  near 
to  a  piece  of  soft  iron,  as  a  large  key,  when  it  will  be 
found  that  the  large  key  will  support  several  smaller 
ones;  but  as  soon  as  the  body  inducing  the  magnetic 
action  is  removed,  they  all  drop  ofiE. 

689.  Magnetism  may  be  also  induced  in  a  bar  of 
iron,  by  the  action  of  the  earth. 

Can  the  '      ^ 

earth  induce  Most  iron  bars  and  rails,  as  the  vertical 
magnetism     ^^^  ^^  windows,  that   have   stood  for  a 

considerable  time  in  a  perpendicular  position,  will  be 
found  to  be  magnetic.  The  magnetism  of  the  native 
iron  ore  has  probably  been  produced  by  the  same 
cause. 


How  may 
the  phenom- 
ena of  mag- 
netic induc- 
tion be 
exhibited? 


If  we  suspend  a  bar  of  soft  iron  sufficiently  long  in  the  air,  it  will 
gradually  become  magnetic;  and  although  when  it  is 
first  suspended  it  points  indifferently  in  any  direction,  it 
will  at  last  point  north  and  south. 

If  a  bar  of  iron,  such  as  a  kitchen  poker,  which  has 
been  found  to  be  devoid  of  magnetism,  is  placed  with 
one  end  on  the  ground,  slightly  inclined  toward  the  north,  and  then 
struck  one  smart  blow  with  a  hammer  upon  the  upper  end,  it  will 
acquire  polarity,  and  exhibit  the  attractive  and  repellent  properties  of 
a  magnet. 


What  are 
illustrationa 
of  magnet- 
ism induced 
by  the  earth? 
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690.  Artificial  magnets  of  iron  or  steel  may  be  of  an]'  required 
fonn,  or  of  almost  any  dimensions.  Iowh»tform 

When  a  piece  of  iron  not  magnetic  ia  brought  in  con-   ue  artificial 
tact  with  a  common  magnet,  it  will  be  attracted  by  either   "•*"«'" 
pole  i  but  the  most  powerful  attraction  takes  place  when   '^°''* 
both  poles  can  be  applied  to  the  surface  of  the  piece  of  ii 
The  magnetic  bars  are  for  this  purpose  bent  somewhat 
into  the  shape  of  the  letter  U,  and  are  termed  horse- 
shoe magnets  (Fig.  297). 

Several  of  these  are  frequently  joined  t<^ether  with 
their  similar  poles  in  contact :   they  then   constitute  a 
compound   magnet,  and  are  very  ponerful,  either  for   ' 
lifting  weights  or  charging  other  magnets. 

For  the  purpose  of  distinguishing  between  the 
poles  of  an  artificial  magnet,  the  end  of  the  bar  which 
is  designated  as  the  north  pole  is  generally  marked  w 
a  +  or  with  the  letter  N. 

691.  Magnetic  attraction  can  be  made  to  exert  its 
influence  through  air,   glass,   paper,  and  j^^^      _ 
solid     and     liquid    substances    generally,   natiemttrae- 
which  are  not  capable  of   acquiring  mag-  thromh 
netic  influence  in  the  ordinary  manner. 

If  a  horse-shoe  magnet  be  placed  underneath   a  sheet   of  paper 
which  has  iron-liiings  sprinkled  over 
its  surface,  the  tilings,  upon  the  ap- 
'/   proach  of  the  magnet,  will  arrange 
!   themselves  in  great  regularity  in  lines 
E    diverging  from  the  poles  of  the  mag- 
^    net,  in  curves,  and  extending  from  the 
^   one  pole  to  the  other,  as  is  repre- 
I  sented  in  Fig.  298.    The   numerous 
^  fragments    of  iron,  being    rendered 
magnets  by  induction,  have  their  un- 
like  poles  fronting  each  Other,  and 
they  therefore  attract  one  another,  and  adhere  in  the  direction  of  their 
polarities,  forming  what  are  termed  magnetic  curves. 

If  a  plate  of  iron  is  caused  to  intervene  between  the  ma{iiet  and 
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the  under  surface  of  the  paper,  the  magnetic  influence  is  almost  entirely 
cut  off. 

692.  Heat  weakens  the  power  of  a  magnet. 

On   heating  a  magnet,  the  intensity  of  its  attraction  decreases  as 

What  effect     *^^    temperature    increases.      At    temperatures   above 

does  heat  100°   (Fahrenheit's   scale),  a  part  of  the   power  of    a 

have  on  a         magnet  is  permanently  destroyed,  while  at  a  red  heat 

the  magnetism  disappears  altogether. 

693.  Magnets,  if  left  to  themselves,  gradually,  and 
Do  artificial  in  a  space  of  time  varying  with  the  hard- 
iSm  their  ^^^s  of  the  metal  composing  them,  lose 
properties?     their  magnetic  properties. 

This  is  prevented  by  keeping  their  poles  united  by 
What  is  an  mcans  of  a  soft  iron  bar  called  an  arma- 
armature  ?      ^^j.^^  represented  at  A,  Fig.  297. 

'  This,  becoming  magnetic  by  induction,  re-acts  upon 
the  magnetism  in  the  poles  of  the  magnetic  bar,  and 
tends  to  increase  rather  than  diminish  their  intensity. 

The  lifting  or  sustaining  power  of  magnets  varies 
What  is  the  vcry  materially.  The  most  powerful  that 
Srtific\ai  we  are  acquainted  with  are  capable  of  sus- 
magnets?       tainiug  twcnty-six  times  their  own  weight. 

The  law  of  magnetic  attraction  and  repulsion  is 
How  does      the  same  as  that  of  gravitation;   that  is, 

the  force  of       ^,  r  •       ^i 

magnetic       thcsc  lorccs  mcrcasc  in  the  same  propor- 
attraction       |.Jq^  ^g  ^^  sQuarc  of  the  distancc  from  the 

andrepul-  ^ 

sionvary?      center  of  attraction   or  repulsion   dimin- 
ishes. 

694.  A  piece  of  iron  undergoes  attraction  at  all  points,  whilst  in  a 

magnet  the  attractive  property  is  unequally  distributed.    This  consti- 
tutes the  difference  between  magnets  and  magnetic  bodies. 

695.  The  various  phenomena  of  magnetism  have  been  accounted 
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for  by  supposing  that  all  bodies  susceptible  of  magnetism  are  per- 
vaded by  two  subtile  imponderable  fluids,  one  called 
the  austral,  or  southern,  magnetism,  and  the  other  the   vvh^'thcory* 
boreal,  or  northern,  magnetism.     Each   of  these,   like    are  magnetic 
positive  and  negative  electricities,  repels  its  own  kind,    phenomena 
and  attracts  the  opposite  kind.    These  fluids  surround   f^^p  "°** 
the  molecules  of  a  body,  and  cannot  be  separated  from 
them. 

When  a  body  pervaded  by  the  fluid  is  in  its  natural  state,  and  not 
magnetic,  the  two  fluids  are  in  combination,  and  neutralize  each  other. 
When  a  body  is  magnetic,  the  fluid  which  pervades  it  is  decomposed, 
the  austral  fluid  being  directed  to  one  extremity  of  the  molecules  of  a 
body,  and  the  boreal  to  the  other. 

That  the  fluids  pervade  all  parts  of  the  body,  is 
shown   by   the   fact   that    if  we   break   a  h  we  break 
magnet  across  the  middle,  each  fragment  •o  artificial 
becomes  converted  into  a  perfect  magnet,  what  occurs? 
possessing  two  poles  and  a  neutral  line. 


^ « a  a  z*  II  It  li  i«  I*  n  i«  n  T«  a  a  i«  i«  i«  i*  i<  ,^ 

"is  1*  1*  H  I<  1*  J  H  It  It  li  li  Id  I<  H II K  n  I«  i«  i 


Fig.  299  shows  the  theoretical  position  of  the  fluids  in  the  particles 
of  a  magnetized  body ;  the  dark 
portions  representing  the  austral 

magnetism,  and   the  light  por-      —————*— 
tions  the  boreal  magnetism.    On 
breaking  the  bar,  each  of  the  fractured  ends  will  exhibit  a  polar  state, 
and  each  part  becomes  a  perfect  magnet. 

If  we  divide  up  a  magnet  to  the  extreme  degree  of  mechanical  fine- 
ness possible,  each  particle,  however  small,  will  be  a  perfect  magnet.* 

696.  That  the  magnetization  of  a  body  pertains  to  the  molecules  of 
a  body  is  shown  by  the  fact  that,  on  suddenly  magnetizing  a  bar  erf 
soft  iron  by  means  of  the  electric  current,  a  sound  is  emitted,  which  is 
undoubtedly  caused  by  the  movement  of  the  molecules  of  the  bar. 
The  bar  will  also  lengthen  when  magnetized. 

Iron  and  steel  are  easily  rendered  magnetic,  because  the  fluids 
which  pervade  them  can  be  easily  decomposed  by  the  action  of  other 
magnets.    In  iron,  the  separation  of  the  two  kinds  of  magnetism  may 

*  It  is  supposed  that  the  molecules  of  a  body,  in  arranging  themselves  in  crystals, 
obey  their  magnetic  forces. 
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be  easily,  but  only  transitorily,  effected.  The  magnet,  therefore, 
attracts  it  powerfully,  converting  it,  however,  into  only  a  temporary 
magnet.  In  steel,  the  two  kinds  of  magnetism  are  not  so  easily  sep- 
arated, hence  the  latter  is  but  slightly  attracted  by  the  most  powerful 
magnets.  V/hen  once  effected,  however,  the  separation  is  permanent, 
and  the  steel  becomes  a  perfect  magnet. 

As,  according  to  this  theory,  the  act  of  rendering  a  body  magnetic 
consists  simply  in  decomposing  a  fluid  pervading  it,  we  can  easily 
understand  how,  by  means  of  one  artificial  magnet,  an  infinite  number 
of  other  magnets  may  be  made,  without  the  former  losing  any  of  its 
magnetic  properties. 

697.  The  magnetic  needle  (Fig.  300)  is  simply  a 
«.^    ,  tiar  of  steel,  which  is  a  magnet,  balanced 

What  is  a  '  . 

magnetic       upon   a  pivot  in  such  a  way  that  it  can 
turn  freely  in  a  horizontal  direction. 

Such  a  needle,  when  properly  balanced,  will  be  observed  to  vibrate 

more  or  less,  until  it  settles  in  such  a  direc- 
tion that  one  of  its  extremities,  or  poles, 
points  toward  the  north,  and  the  other  toward 
the  south.  If  the  position  of  the  needle  be 
altered  or  reversed,  it  will  always  turn  and 
vibrate  again  until  its  poles  have  attained  the 
same  direction  as  before. 

It  is  this  remarkable  property  of  a  magnet- 
ized steel  bar,  of  always  assuming  a  definite 

direction,  that  renders  the  compass  of  such  value  to  the  mariner,  the 

engineer,  and  the  traveler. 

The  ordinary  compass  consists  of  a  magnetic  nee- 
whatisa  die  Or  bar  balanced  upon  a  pivot,  and 
compass  ?  incloscd  within  a  shallow  box,  or  metallic 
case.  Upon  the  bottom  of  the  box  is  a  circular  card 
with  the  chief  or  cardinal  points  of  the  horizon, 
north,  south,  east,  west,  marked  upon  it. 

Fig'  301  represents  the  form  and  construction  of  the  ordinary,  or 
land,  compass.  The  term  compass  is  derived  from  the  card,  which 
compassesy  or  involves  as  it  were,  the  whole  plane  of  the  horizon. 
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In  the  sea,  or  marincT's,  compass,  the  needle  is  attached  to  the  under 
side  ot  the  card,  in  such  a  way  that  both  traverse  to- 
gether,  —  the   needle  itself   being  out  of    sight.     Upon    eonitruetion 
the  surface  of  the  card  is  engraved  a  radiating  diagram,   of  the  lea, 
dividing  the  whole  circle  of  the  horizon  into  thirty-two    "'  mariner'*, 
parts,  called  points.    The  compass-box  is  supported  by 

M,  called  pmbals.    These  are  so  placed 


as  to  cross  eacti  other,  and  support  the  box  immediately  iii  the  center 
of  the  two;  so  that,  whichever  way  the  vesse!  may  roll  or  lurch,  the 
card  is  always  in  a  horizontal  position,  and  is  certain  to  point  the  true 
direction  of  the  head  of 
the  ship.    Fig.  302  repre- 
sents the  construction  and 

698.   If  a  simple 

i""  °'  »h.„.. 

unmag-  dippmi- 
netized  ""*"' 
steel,  or  an  ordinary 
needle,  be  suspend- 
ed  from   a  center, 

instead  of  being  balanced  upon  a  pivot  beneath  it, 
it  will  hang   horizontally,  and   manifest   no  inclina- 


420 


NATURAL    PHILOSOPHY. 


tion  to  dip  from  a  horizontal  line,  either  on  one 
side  or  the  other  of  the  center  of  suspension.  But 
if  the  bar  or  needle  be  made  a  magnet,  it  will  no 
longer  lie  in  a  horizontal  direction,  but  one  pole 
will  incline  downward  and  the  other  upward ;  the 
inclination  in  this  latitude  to  the  horizon  being 
about  70°. 

Such  an  arrangement  is  called  a  dipping-needle. 

Fig.  303  represents  the  construction  and  appearance  of  the  dipping- 
needle. 

699.  Although  the  magnetic  needle  is  said  to  point 

Docs  the  "ort^  ^"^  south, 
magnetic       accurate     observa- 

niedle  point 

due  north       tions    have   showu 

and  south?       ^^^^      .^     j^^g       ^^^ 

point  exactly  north  and  south 
except  in  a  few  restricted  po- 
sitions upon  the  earth's  sur- 
face. 

700.  The  direction  assumed 

by  a  horizontal 

needle  in  any  given 

place   upon   the 

earth's  surface   is   called   the 

magnetic  meridian. 


What  is  the 
magnetic 
meridian  ? 


Fig.  303. 


A  terrestrial  meridian,  it  will  be  remembered,  is  a  great  circle,  sup- 
What  is  the  posed  to  be  drawn  around  the  earth,  passing  through 
both  poles  and  any  given  place  upon  its  surface,  and 
intersecting  the  equator  at  right  angles.  (See  §  66,  Fig. 
7»  P-  35-)  The  direction  of  a  needle  which  would  point  due  north  and 
south  at  any  place  will  be  the  true  or  terrestrial  meridian  of  that 
place. 


terrestrial 
meridian  ? 
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The  deviation  of  the  needle  from  the  true  north 
and  south,  or  the  angle  formed  by  the  what  is  the 
magnetic    meridian    and    the     terrestrial  variation,  or 

the  dedina- 

meridian,  is  called  the  variation,  or  decli-  tion,  of  the 
nation,  of  the  needle. 

There  are  two  lines  upon  the  earth's  surface,  along 
which  the  needle  does  not  vary,  but  points  what  are 
to  the  true  north  and  south.     These  lines  ofVrvari- 
are  called  the  eastern   and  western   lines  a**®**? 
of  no  variation,  and   are  exceedingly  irregular  and 
changeable. 

Their  position  is  as  follows:  The  western  line  of  no  variation 
begins  in  latitude  60*^,  to  the  west  of  Hudson's  Bay,  passes  in  a  south 
direction  through  the  American  lakes,  to  the  West  Indies  and  the 
extreme  eastern  point  of  South  America.  The  eastern  line  of  no  vari- 
ation begins  on  the  north  in  the  White  Sea,  makes  a  great  semicircular 
sweep  easterly,  until  it  reaches  the  latitude  of  71°;  it  then  passes 
along  the  Sea'  of  Japan,  and  goes  westward  across  China  and  Hindos- 
tan  to  Bombay ;  it  then  bends  east,  touches  Australia,  and  goes  south. 

In  proceeding  in  either  direction,  east  or  west  from  the  lines  of  no 
variation,  the  declination  of  the  needle  gradually  increases,  and  becomes 
a  maximum  at  a  certain  intermediate  point  between  them.  On  the 
west  of  the  eastern  line  the  declination  is  west ;  on  the  east  it  is  east. 

In  Boston,  in  the  United  States,  the  declination  of  the  needle  is 
about  5^°  west ;  in  England  it  is  about  24°  west ;  in  Greenland,  50° 
west ;  at  St.  Petersburg,  6°  west. 

701.  As  the  directive  property  of  the  magnetic  needle  is  observed 
everywhere  in  all  parts  of  the  world,  on  all  seas,  on  the 
loftiest  summits  of  mountains,  and  in  the  deepest  mines,    directive 
it  is  evident  that  there  must  be  a  magnetic  force  which   power  of 
acts  at  all  points  of  the  earth's  surface,  since  magnetic   ****  needle 
needles  can  no  more  take  up  a  direction  of  themselves   f^^  p 
than  a  body  can  acquire  motion  of  itself.    To  explain 
these  phenomena,  the  earth  itself  is  considered  to  be  a  great  magnet, 
and  the  points  toward  which  the  magnetic  needle  constantly  turns  are 
called  the  magnetic  poles  of  the  earth.    These  poles,  by  reason  of 
their  attractive  influence,  give  to  the  needle  its  directive  power. 


422  NATURAL    PHILOSOPHY. 

The  two  poles  of  the  great  terrestrial  magnet,  which  are  situated  in 

,__.  the  vicinity  of  the  poles  of  the  earth's  axis,  are  termed 

Where  are  ,     ^  '^         ,  , 

the  magnetic  respectively  the  magnetic  north  pole  and  the  magnetic 
poles  situ-  south  pole.  These  contrary  poles  attract  each  other, 
*  and  thus  a  magnetic  needle  will  turn  its  south  pole  to 

the  north,  and  its  north  pole  to  the  south.  Hence,  what  we  generally 
call  the  north  pole  of  a  needle  is  in  reality  its  south  pole,  and  its  south 
pole  is  its  north  pole. 

The  exact  position  of  the  northern  magnetic  pole  is  about  19° 
from  the  north  pole  of  the  earth,  in  the  direction  of  Hudson's  Bay. 
It  was  visited  by  Sir  J.  Ross  in  1832,  in  his  voyage  of  Arctic  discovery. 
The  south  magnetic  pole  is  situated  in  the  Antarctic  Continent,  and 
has  been  approached  within  170  miles. 

The  position  assumed  by  the  dipping-needle  varies  in  different  lati- 
tudes.  If  it  were  carried  directly  to  the  north  magnetic 
the  position  polc>  its  south  pole  would  be  attracted  downward,  and 
of  the  dip-  the  needle  would  stand  perfectly  upright.  At  the  south 
ping:-needle  magnetic  pole,  its  position  would  be  exactly  reversed.* 
If  the  dipping-needle  be  taken  to  any  point  on  an  irregu- 
lar line  which  passes  round  the  earth  in  the  tropics,  near  the  true 
equator,  it  will  remain  perfectly  horizontal,  or  cease  to  dip  at  all. 
This  irregular  line  is  called  the  magnetic  equator  of  the  earth  (Fig. 
304).  As  we  go  north  or  south,  however,  it  dips  more  and  more,  until 
at  the  magnetic  poles,  as  before  stated,  it  becomes  perpendicular, 
the  end  which  was  uppermost  at  the  north  being  the  lowest  at  the 
south.t 

*  Like  the  declination  and  dip,  the  intensity  of  the  earth's  magnetism  varies  very 
much  in  different  parts  of  the  earth ;  at  the  magnetic  equator  being  the  most  feeble, 
and  gradually  increasing  as  we  approach  the  poles.  The  intensity  of  terrestrial  mag- 
netism in  different  places  may  be  measured  by  the  number  of  vibrations  made  by  a 
magnetic  needle  in  a  given  time. 

t  As  the  directive  tendency  of  the  horizontal  needle  arises  from  its  poles  being 
attracted  by  those  of  the  earth,  it  is  evident  from  the  rotundity  of  the  earth  that  its 
poles  will  not  be  attracted  by  those  of  the  earth  horizontally,  but  downward,  so  that 
the  needle  can  not  tend  to  be  horizontal,  except  when  it  is  acted  upon  by  both  poles 
equally ;  that  is,  when  midway  between  them.  When  nearer  the  north  magnetic  pole 
than  the  south,  its  north  end  must  be  attracted  downward,  and  the  contrary  when  it  is 
nearest  the  south  pole.  Accordingly,  a  needle  which  was  accurately  balanced  on  its 
support  before  being  magnetized,  will  no  longer  balance  itself  when  magnetized ;  but 
in  this  country  its  north  pole  will  appear  to  dip,  or  appear  to  be  the  heavier  end. 
This  circumstance  has  to  be  corrected  in  ships'  compasses  by  a  small  sliding  weight 
attached  to  the  southern  half,  which  weight  has  to  be  removed  on  approaching  the 
equator,  and  shifted  to  the  other  side  of  the  needle  when  in  the  northern  hemisphere. 
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Fig.  304  reptesenis  Ihe  position  assumed  by  the  mignetic  needle  in 
various  latitudes.  The  magnetic  equator  o£  the  earth  is  not  stationary, 
but  changes  its  position  gradaally  during  long  intervals  of  time. 

702.  Beside  the  variation  from  the  true  north  and 
south,  the  mag-  wnatiatue 
netic  needle  is  ^^^o^to,' 
subject  to  a  ■'"=^'' ' 
diurnal  variation.  This 
movement,  o  r  variation, 
commences  about  seven 
in  the  morning,  when  the 
north  end  of  the  needle 
begins  to  deviate  toward 
the  west;  it  reaches  its 
maximum  deviation  about  "  ^^' 

two  o'clock  in  the  afternoon,  when  it  begins  to  return 
slowly  to  its  original  position. 

The  magnetic  needle  is  subject  also  to  an  annual  movement,  and  a 
movement  different  in  the  winter  months  from  that  noticed  in  the  sum- 
mer months. 

The  daily,  monthly,  and  yearly  variations  of  the 
needle  are  supposed  to  be  occasioned  by  wh»ti»thB 
variations  in  the  temperature  of  the  earth's  '^u^  of  the 
surface,  depending  upon  the  changes  in  JI°^j°u^,  „, 
the  position  and  action  of  the  sun.  theaaedu? 

Observations  made  for  a  great  number  of  years  seem  to  show  that 
the  entire  magnetic  condition  of  the  earth  is  subject  to  a  periodical 
change,  but  neither  the  cause  nor  the  laws  of  this  change  ate  as  yet 
understood. 

For  most  practical  operations,  as  in  navigation  and 
surveying,  the  deviation  of  the  magnetic  needle  from 
the   true   north   and   south   is   carefully   taken  into 
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account,  and  a  rule  of  corrections  applied.  A  knowl- 
edge of  the  amount  of  variation,  east  or  west,  for 
different  localities  upon  the  earth's  surface,  may  be 
obtained  from  tables  accurately  arranged  for  this 
purpose. 

The  variation  of  the  magnetic  needle  from  the  true  north  and  south 
is  said  to  have  been  first  noticed  by  Columbus  in  his  first  voyage  of 
discovery.  It  was  also  observed  by  his  sailors,  who  were  alarmed  at 
the  fact,  and  urged  it  as  a  reason  why  he  should  turn  back. 

The  compass  is  claimed  to  have  been  discovered 
by  the  Chinese :  it  was,  however,  known 

When  was  •' 

the  compass   in  Europe,  and  used  in  the  Mediterranean, 
in  the  thirteenth  century.    The  compasses 
of  that  time  were  merely  pieces  of  loadstone  fixed  to 
a  cork,  which  floated  on  the  surface  of  water. 

703.  The  resemblance  between  magnetism  and  electricity  is  very 
striking,  and  there  are  good  reasons  for  believing  that  both  are  but 
modifications  of  one  force.  Both  are  supposed  to  consist  of  two  fluids, 
which  repel  their  own  kind,  and  attract  the  opposite.  The  fluid  in 
both  cases  is  supposed  to  reside  upon  the  surface  of  bodies ;  the  laws 
of  induction  in  both  are  the  same ;  and  each  can  be  made  to  excite  or 
develop  the  other.  The  essential  difference  is  that  there  is  no  mag- 
netic discharge :  that  is,  in  the  case  of  electricity  there  is  a  manifesta- 
tion of  the  passage  of  the  agency  from  one  body  to  another,  and  a 
new  distribution  of  the  electric  forces  occurs ;  but  in  the  case  of  mag- 
netism there  is  no  such  manifestation,  nor  does  an  inducing  magnet 
lose  any  of  its  original  power. 


CHAPTER    XV. 

ELECTRICITY. 

704.  EleciricHy  is  one  of  those  subtile  agents, 
without  weight  or  form,  that  appear  to  be  ^^at  is 
diffused  through  all  nature,  existing  in  all  electricity? 
substances  without  affecting  their  volume  (size)  or 
their  temperature,  or  giving  any  indication  of  its 
presence  when  in  a  latent  or  ordinary  state.  When, 
however,  it  is  liberated  from  this  repose,  it  is  capable 
of  producing  the  most  sudden  and  destructive  effects, 
or  of  exerting  powerful  influences  by  a  quiet  and 
long-continued  action. 

705.  Electricity   may  be   excited,   or   called   into 
activity,  by  mechanical  action,  by  chemical  how  may 
action,   by   heat,  and   by  magnetic   influ-  blTcxcitcd? 
ence. 

706.  The  most  ordinary  and  the  easiest  How  ib  eicc- 

rf^       ,    '    '.      '     1^  u       •      1    tricitymost 

excitmg  electricity  is  by  mechanical  easily 

action  —  by  friction.  **"**^ ' 

If  we  rub  a  glass  rod,  or  a  piece  of  sealing-wax,  or  How  does 

resin,  or  amber,  with  a  dry  woolen  or  silk  substance,  these  electricity 

substances  will  immediately  acquire  the  property  of  at-  faction  man- 

tracting  light  bodies,  such  as  bits  of  paper,  silk,  gold-leaf,  ifest  itself? 
balls  of  pith,  &c. 

This  attractive  force  is  so  great,  that,  even  at  the 
distance  of  more  than  a  foot,  light  substances  are 
drawn  toward  the  attracting   body.     The   cause  of 

425 
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this  attraction  is  termed  electricity,  and  the  attract- 
ing body  is  said  to  be  electrified. 

707.  Thales,  one  of  the  seven  wise  men  of  Greece,  and  who  lived 
in  the  sixth  century  before  the  Christian  era,  noticed  and  recorded  the 
fact  that  amber  when  rubbed  would  attract  light  bodies ;  and  the  name 
eUciridly,  used  to  designate  such  phenomena,  has  been  derived  from 
the  Greek  word  ij^nrpcw,  electron,  signifying  amber. 

708.  Every  electrified  body  attracts  every  unelec- 
,  trifled  body,  and,  in  addition  to  this  attrac- 

electric  tive  force,  manifests  also  a  repulsive  force, 

epu  lion  "Phis  is  provcd  by  the  fact  that  light  sub- 
stances, after  touching  an  electrifled  body,  recede 
from  it  just  as  actively 
as  they  approached  it 
before  contact.  Such 
action  is  ascribed  to 
a  force  called  Electric 
Repulsion. 

Thus,  if  we  take  a  di>- 
glass  rod,  rub  it  well  with 
silk,  and  present  it  to  a  light 
pith-ball,  or  feather,  suspend- 
ed from  a  support  by  a  silk 
thread,  the  ball  or  feather 
will  be  attracted  toward  the 
glass,  as  seen  in  Fig.  305. 
After  it  has  adhered  to  It  a 
moment,  it  will  fly  off,  or  be 
repelled.  The  ball  will  also 
'  be   attracted   if    sealing-wax 

be  rubbed  with  a  dry  flannel,  and  a  like  experiment  madej  but  with 
this  remarkable  difference,  —  that  when  the  glass  repels  the  ball,  the 
sealing-wax  attracts  it,  and  when  Che  wax  repels,  the  glass  will  attract. 

709.  As  the  electricity  developed  by  the  friction 
of  glass  and  other  like  substances  is  essentially  dif- 
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ferent  from  that  developed  by  the  friction  of  resin, 
wax,  &c.,  it  has  been  inferred  that  there  is  there 
are  two  kinds  or  states  of  electricity, —  ^°Jkindof 
the  one  called  vitreous,  because  especially  electricity? 
developed  on  glass,  and  the  other  resinousy  because 
first  noticed  on  resinous  substances. 

These  terms  are,  however,  improper,  since  there  is  no  certain  test 
which  will  enable  us  to  determine,  previous  to  experiment,  which  of 
two  bodies  submitted  to  friction  will  produce  positive,  and  which  nega- 
tive electricity.  Of  all  known  substances,  a  cat's  fur  is  the  most  sus- 
ceptible of  positive,  and  sulphur  of  negative  electricity.  Smooth  glass 
becomes  positively  electrified  when  rubbed  with  silk  or  flannel,  but 
negatively  electrified  when  excited  by  the  back  of  a  living  cat.  Seal- 
ing-wax becomes  positive  when  rubbed  with  the  metals,  but  negative 
by  any  thing  else.* 

The  electricity  which  corresponds  to  the  "vitre- 
ous" is  now  moFe  properly  and  generally  how  are  the 
called  positive,  and  is  represented  by  the  twokindsof 

'^  *^  •'  electricity 

sign  -|-  ;  while  that  which  corresponds  to  generally 

the  "  resinous  "  is  called  negative,  and  is  ^^p'"®"*® 
represented  by  the  sign  — . 

710.  When  a  body  holds  its  own  natural  when  is  a 

quantity   of   electricity  undisturbed,   it  is  electrified? 
said  to  be  non-electrified. 

When  an  electrified  body  touches  one  when  an 

that  is  non-electrified,  the  electricity  con-  body"ouches 

tained  in  the  former  is  transferred  in  part  ^i"  ctrmJd 

to  the  latter.  what  occurs? 

*  In  the  following  list  the  substances  are  arranged  in  such  an  order  that  each 
becomes  positively  electrified  when  rubbed  with  any  of  the  bodies  following,  but  nega- 
tively when  rubbed  with  any  of  those  which  precede  it. 

z.  Cat's  fur.  5.  Cotton.                   9.  Shellac.  13.  Caoutchouc, 

a.  Flannel.  6.  Silk.  10.  Resin.  14.  Gutta-percha. 

3.  Ivory.  7.  The  hand.  11.  The  metals.  15.  Gun-cotton. 

4.  Glass.  8.  Wood.  12.  Sulphur. 


i 
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Thuw,  on  touching  the  end  of  a  suspended  silk  thread  with  a  piece 
of  excited  wax  or  glass,  electricity  will  pass  from  the  wax  or  glass  into 
the  silk,  and  render  it  electrified ;  and  the  silk,  said  to  be  "  charged," 
will  exhibit  the  effects  of  the  electricity  imparted  to  it,  by  moving 
toward  any  object  that  may  be  placed  near  it 

711.  Two  theories,  based  upon  these  phenomena 
of  attraction  and  repulsion,  have  been  formed  to 
account  for  the  nature  and  origin  of  electricity;  which 
are  known  under  the  name  of  the  "theory  of  the 
single  fluid,'*  and  the  "theory  of  two  fluids.'* 

712.  The  theory  of  a  single  fluid,  a  theory  pro- 
wh  •  h  pounded  by  Dr.  Franklin,  supposes  the 
theory  of  a  existcnce  of  3.  single  subtile  fluid,  with- 
sing  e  ui  ^^^  weight,  equally  distributed  throughout 
nature ;  every  substance  being  so  constituted  as  to 
retain  a  certain  quantity,  which  is. necessary  to  its 
physical  condition. 

When  a  substance  pervaded  by  this  single  fluid  is  in  its  natural 
state  or  condition,  it  offers  no  evidence  of  the  presence  of  electricity ; 
but  when  its  natural  condition  is  disturbed  it  appears  electrified.  The 
difference  between  the  electricity  developed  by  glass  and  that  by  resin 
is  explained  by  this  theory,  by  supposing  electrical  excitation  to  arise 
from  the  difference  in  the  relative  quantities  of  this  principle  existing 
in  the  body  rubbed  and  the  rubber,  or  in  their  powers  of  receiving  and 
retaining  electricity.  Thus  one  body  becomes  overcharged  by  having 
abstracted  this  principle  from  the  other. 

713.  The  theory  of  two  fluids,  or  the  theory  of  Du 
wh  •  h  ^^y*  supposes  that  all  bodies,  in  their  nat- 
theory  of       ural  State,  are  pervaded  by  an  exceedingly 

^°  "*  *  subtile  fluid,  which  is  composed  of  two 
constituents,  or  elements,  viz.,  the  positive  and  the 
negative  electricities.  Each  kind  is  supposed  to 
repel  its  own  particles,  but  attract  the  particles  of 
the  other  kind. 
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When  these  two  fluids  pervade  a  body  in  equal  quantities,  they 
neutralize  each  other  in  virtue  of  their  mutual  attraction,  and  remain 
in  repose ;  but,  when  a  body  contains  more  of  one  than  of  the  other,  it 
exhibits  positive  or  negative  electricity,  as  the  case  may  be.  This 
theory  is  generally  accepted  by  scientific  writers,  but  only  as  a  theory, 

714.  Electricity  exists  in,  or  may  be  excited  in,  all 
bodies.    There  are  no  exceptions  to  this  rule ;  but  elec-   electrical  di- 
tridty  is  developed  in  some  bodies  with  great  ease,  and   visions  of  all 
in  others  with  great  difificulty.  substances  ? 

The  fundamental  law  which  governs  the  relation 
of  these   two   electricities   to  each  other,   what  is  the 
and  which  constitutes  the   basis   of   this  of"e1ectriMa 
department  of  physical   science,  may   be  *"^J**^**^ 
expressed  as  follows  :  —  won  ? 

Like  electricities  repel  each  other,  unlike  electrici- 
ties attract  each  other. 

Thus,  if  two  substances  are  charged  with  positive  electricity,  they 
repel  each  other;  two  substances  charged  with  negative  electricity 
also  repel  each  other ;  but  if  one  is  charged  with  positive,  and  the 
other  with  negative  electricity,  they  attract  each  other. 

In    no  case  can  electricity  of  one  kind  be  excit- 
ed without   setting  free   a   corresponding  can  one 
amount   of  electricity  of  the  other  kind  :  clStedwuh! 
hence,  when  electricity  is  excited  by  fric-  ^^^^^jj^*"^ 
tion,  the  rubber  always  exhibits  the  one,   other? 
and  the  electric,  or  body  rubbed,  the  other. 

715.  Bodies   differ   greatly   in   the   freedom   with 
which  they  allow  electricity  to  pass  over  -what  are 
or  through  them.     Those  substances  which  conductors 

and  non-con- 

facilitate  its  passage  are  called  conductors  ;  ductors  of 
those  that  retard  or  almost  prevent  it  are  *  ®*^*"*^**y 
called  non-conductors. 

No  substance  can  entirely  prevent  the  passage  of  electricity,  nor  is 
there  any  which  does  not  oppose  some  resistance  to  its  passagCi 
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It  would  appear  that  the  molecular  constitution  of  a  body  affects  its 
power  of  conducting  electricity.  Thus,  ice  is  a  poor  conductor,  but 
water  and  steam  are  good  conductors.  Sulphur  and  glass  in  compact 
masses  are  not,  but  when  powdered  they  become  good  conductors. 
Heat  confers  conductibility  on  glass,  sulphur,  and  gases. 

Of  all  bodies  the  metals  are  the  most  perfect  con- 
What  sub-  ductors  of  electricity ;  charcoal,  the  earth, 
stances  arc  water,  moist  air,  most  liquids  except  oils, 
tors  of  dec-  and  the  human  body,  are  also  good  con- 
tricity  ?  ductors  of  electricity. 

Gum-shellac  and  gutta-percha  are  the  most  per- 
whatsub-  feet  non-conductors  of  electricity;  sulphur, 
stances  are  scalittg-wax,  rcsiu  and  all  resinous  bodies, 
tors  of  cicc-  glass,  silk,  feathers,  hair,  dry  wool,  dry  air, 
tncity?  ^^j  baked  wood  are  also  non-conductors. 

Electricity  always  passes  by  preference  over  the 
best  conductors. 

Thus,  if  a  metallic  chain  or  wire  is  held  in  the  hand,  one  end  touch- 
ing the  ground  and  the  other  brought  into  contact  with  an  electrified 
body,  no  part  of  the  electricity  will  pass  ipto  the  hand,  the  chain  being 
a  better  conductor  than  the  flesh  of  the  hand.  But  if,  while  one  end 
of  the  chain  is  in  contact  with  the  conductor,  the  other  be  separated 
from  the  ground,  then  the  electricity  will  pass  into  the  hand,  and  will 
be  rendered  sensible  by  a  convulsive  shock. 

716.  When  a  conductor  of  electricity  is  surrounded 
on  all  sides  by  non-conducting  substances, 

When  IS  .  .  -^  ^ 

a  body  it  is  Said  to  be  insulated;   and   the  non- 

insulated  ?  ,         .  ,      .  1  •    1  i    -^ 

conducting  substances  which  surround  it 
are  called  insulators. 

When  a  conducting  body  is  insulated,  it  retains 
b^d*"%*  upon  its  surface  the  electricity  communi- 
be  charged  catcd  to  it,  and  in  this  condition  it  is  said 
tricity?*^        to  be  charged  with  electricity. 
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A  conductor  of  electricity  can  only  remain  electric  as  long  as  it  is 
insulated,  that  is,  surrounded  by  perfect  non-conductors.  The  air  is 
an  insulator,  since,  if  it  were  not  so,  electricity  would  be  instantly 
withdrawn  by  the  atmosphere  from  electrified  substances.  Water 
and  steam  are  good  conductors :  consequently,  when  the  atmosphere 
is  damp,  the  electricity  will  soon  be  lost,  which  in  a  dry  condition  of 
the  air  would  have  adhered  to  an  insulated  conductor  for  a  long 
period  of  time. 

Thus  a  globe  of  metal  supported  on  a  glass  pillar,  or  suspended  by 
a  silken  cord,  and  charged  with  electricity,  will  retain  the  charge.  If, 
on  the  contrary,  it  were  supported  on  a  metallic  pillar,  or  suspended 
by  a  metallic  wire,  the  electricity  would  immediately  pass  away  over 
the  metallic  surface,  and  escape. 

In  the  experiments  made  with  the  pith-ball  (§  708,  Fig.  305),  the 
silk  thread  by  which  it  was  suspended  acts  as  an  insulator,  and  the 
electricity  with  which  it  becomes  charged  is  not  able  to  escape. 

717.  When  electricity  is  communicated  to  a  con- 
ducting body,  it  resides  merely  upon  the  j^^^  eicc- 
surface,  and   does   not   penetrate   to   any  t"cityaccu- 

t^  J     mulate  upon 

depth    within.  the  surface, 

or  the  inte- 
Thus,  if  a  solid  globe  of  metal  suspended  by  a  silken   "O""*  of 
thread,  or  supported  upon  an  insulated  glass  pillar,  be  ^* 

highly  electrified,  and  two  thin  hollow  caps  of  tin-foil  or  gilt  paper, 
furnished  with  insulating  handles,  as  is  repre- 
sented in  Fig.  306,  be  applied  to  it,  and  then 
withdrawn,,  it  will  be  found  that  the  electricity 
has  been  completely  taken  off  the  sphere  by   ^^Jtl  jP%^p|k, 
means  of  the  caps.  ^""^^^H  ^^mf  ||||r~^^ 

An  insulated  hollow  ball,  however  thin  its  ^         ^ 

'  Fig.  306. 

substance,  will  contam  a  charge  of  electricity 

equal  to  that  of  a  solid  ball  of  the  same  size,  all  the  electricity  in  both 

cases  being  distributed  upon  the  surface  alone. 


718.  By  density  of  electricity  is  meant  what  is 
the  amount  of  electricity  on  a  unit  of  sur-  density  of 

face.  electricity? 

In  the  case  of  a  spherical  body  charged  with  electricity,  the  distri- 
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bution,  and  hence  the  density,  of  the  electricity,  is  equal  all  over  the 

surface ;  but  when  the  body  to  which  the  electricity  is 

How  does        communicated  is  larger  in  one  direction  than  the  other, 

of  a  body         the  electricity  is  chiefly  found  at  its  ends,  and  the  quan- 

influence  its     tity  at  any  point  of  its  surface  is  proportional  to  its 

electrical  distance  from  the  center, 

condition  ? 

The  shape  of  a  body  also  exercises  great  influence 

in  retaining  electricity.     It  is  more  easily  retained  by  a  sphere  than  by 

a  spheroid  or  cylinder;  but  it  readily  escapes  from  a  point,  and  a 

pointed  object  also  receives  it  with  the  greatest  facility. 

719.  The  earth  is  considered  as  the  great  general 
What  is        reservoir  of  electricity. 

the  great 

reservoir  of  When,  by  means  of  a  conducting  substance,  a  com- 

electricity  ?      munication  is  established  between  a  body  containing  an 

excess  of  electricity,  and  the  earth,  the  body  will  immediately  lose  its 

surplus  quantity,  which  passes  into  the  earth,  and  is  lost  by  diffusion. 

720.  When  a  body  charged  with  electricity  of  one 
.  kind  is  brought  into  proximity  with  other 

electrical        bodics,  it   is   able   to  induce  or  excite  in 

induction?        ^,  '^t         ^  •  •  ^       , 

them,  without  coming  m  contact,  an  oppo- 
site electrical  condition.  This  phenomenon  is  called 
electrical  induction. 

This  effect  arises  from  the  general  law  of  electrical  attraction  and 
Explain  the  repulsion.  A  body  in  its  natural  condition  contains 
phenomena  equal  quantities  of  positive  and  negative  electricities ; 
of  induction.  ^^^  when  this  is  the  case  the  two  neutralize  each  other, 
and  remain  in  a  state  of  equilibrium.  But  when  a  body  charged  with 
electricity  is  brought  into  proximity  with  a  neutral  body,  disturbance 
immediately  ensues.  The  electrified  body,  by  its  attractive  and  repul- 
sive influence,  separates  the  two  electricities  of  the  neutral  body, 
repelling  the  one  of  the  same  kind  as  itself,  and  attracting  the  other, 
which  is  unlike,  or  opposite. 

Thus,  if  a  body,  A  (Fig.  307),  electrified  positively,  be  brought  near 
a  neutral  body,  as  a  cylinder,  B,  the  positive  electricity  of  the  neutral 
body  will  be  repelled  to  the  most  remote  part  of  its  surface,  but  the 
negative  electricity  will  be  attracted  to  the  side  which  is  nearest  the 
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disturbing  body.  Between  these  two  regions  a  neutral  line  will  sepa- 
rate those  points  of  the  body  over  which  the  two  opposite  fluids  are 
respectively  distributed.  This  does  not  arise  from  a  transfer  of  any  of 
the  electric  fluid  from  A  to  B,  for  upon  withdrawing  the  electrified 
body,  A,  the  cylinder  B  will  again  become  neutral ;  but  the  electricity 
in  A  decomposes  by  its  proximity  the  combination  of  the  two  electrici- 
ties in  the  cylinder,  B,  attracting  the  kind  opposite  to  itself  toward 
the  end  nearest  to  it,  and  repelling  the  same  kind  to  the  farther  end. 

If  a  second  neutral  body,  C,  be  brought  into  the  vicinity  of  B  while 
acted  upon  by  A,  the  electricities  in  C  will  be  decomposed  by  induc- 
tive action.     On  removing  A,  both  B  and  C  will  become  neutral. 


Fig.  307. 

According  to  Faraday,  this  action  is  due  to  the  fact  that  the  mole- 
cules of  the  intervening  air  become  alternately  positively  and  nega- 
tively  electrified,  and  the  influence  is  propagated  by  this  means. 

721.  In  the  cylinder  B,  while  under  the  influence  of  A,  the  repelled 
electricity,  which  is  +  in  this  instance,  is  free  electricity, 
and  the  attracted  (— )  electricity  is  held  in  its  place  by   a  body  be 
the  action  of  the  electrified  body,  A.     But  if  now  the  +    charged  by- 
end  of  the  cylinder  be  connected  for  a  moment  with  the    *°°"*^^*o'* ' 
earth,  the  positive  electricity  will  escape;  and  on  removing  A  the 
negative  electricity  will  diffuse  itself  over  the  cylinder,  which  will  now 
be  charged  with  negative  electricity.    So  that  a  body  may  be  charged 
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with  electricity,  not  only  by  friction  and  actual  contact,  but  also  by 
induction. 

722.  These  experiments  explain  why  an  electrified 

surface  attracts  a  neutral  or  unelectrified 

Explain  the      ,       .  ,  •  1    1     n        ▼      •  t 

reason  why  Dody,  such  as  a  pith-ball.  It  is  not  that 
8urfi«s*"^***  electricity  causes  attractions  between  ex- 
attractsa       cited  and  unexcited  bodies,  the   same  as 

neutral  or 

unelectrified    between   bodics    oppositely   excited ;    but 
^'  that  the  pith-ball  is  first  rendered  opposite 

by  induction,  and  attracted  in  consequence  of  this 
opposition.  A  pith-ball  at  a  few  inches  distance 
from  an  electrified  surface  is  charged  with  elec- 
tricity by  induction,  and,  the  kind  being  contrary 
to  that  of  the  surface,  attraction  ensues ;  when 
the  two  touch,  they  become  of  the  same  kind  by 
conduction. 

A  person  may  also  receive  an  electric  shock  by  induction.  Thus, 
if  a  person  stand  close  to  a  large  conductor  strongty  charged  with 
electricity,  he  will  be  sensible  of  a  shock  when  this  conductor  is  sud- 
denly  discharged.  This  shock  is  produced  by  the  sudden  recomposi- 
tioh  of  the  fluids  in  the  body  of  the  person,  decomposed  by  the  pre- 
vious inductive  action  of  the  conductor. 

723.  An  Blecirical  machine  is  an  apparatus  by 
wha  -8  n  "^^^'^s  of  which  clcctricity  is  developed 
electrical        and  accumulated  in  a  convenient  manner 

machine?  r       ^i  r  •  . 

lor  the  purposes  of  experiment. 
Electrical  machines  are  of  two  kinds, — t\iQ  plate 
Describe  the    ^^^  Cylinder  machines.     They  derive  their 
two  varieties  namcs   from   the   shape  of  the  glass  em- 

of  electrical         ,  ,  .    ,  ,     ,  ,  .    . 

machines  in    ploycd  to  yield  the  electricity. 

common  use. 

The  plate  electrical  machine,  which  is  represented  in 
Fig.  308,  consists  of  a  large  circular  plate  of  glass,  mounted  upon  a 
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metallic  axis,  and  supported  upon  pillars  fixed  to  a  secure  base,  so 
that  the  plate  can,  by  means  of  a  handle,  be  turned  with  ease.    The 
plate  passes  between  two  sets  of  rubbers,  F  F,  made  of  leather  or  silk, 
and  which  may  be  made  lo  press  against  the  glass  as  tightly  as  desired. 
The  plate  also  passes  between  two   U-shaped   brass  rods,  furnished 
with  points,  and  con- 
uectii^   with    the 
cylinders  C  C,  which 
last  are  called  prime 
cBoduilors. 

On  turning  the 
plate,  the  rubbers 
become  negatively, 
and  the  glass  post- 
lively,  electrified. 
The  posiiive  elec- 
tricity of  the  glass 
acts  by  induction  on 
the  electricity  in  the 
prime  conductors, 
repelling  the  posi- 
tive and  attracting 
the  negative,  which 
last,  passing  to  the 
glass  from  the  brass 

points,    makes    the  P      .- 

plate   neutral.      On 

continuing  the  motion,  the  electricities  of  the  plate  are  again  decom- 
posed by  the  rubbers.  The  rubbers  are  connected  with  the  earth  by 
means  of  a  chain,  D,  so  that  the  negative  electricity  escapes  as  fast 
as  it  is  collected  by  the  rubbers.  The  action  of  the  machine  Consists 
in  extracting  from  the  prime  conductors  their  negative  electricity,  and 
in  leaving  them  charged  with  positive  electricity. 

The  cylinder  machine  is  constructed  on  the  same  principle  (Fig. 
309).  C  is  the  rubber  which  collects  negative  electricity;  B  is  the 
prime  conductor  furnished  with  points,  P;  and  M  is  a  glass  cylinder, 
which  performs  the  same  functions  as  the  glass  plate  in  the  plate 
machine.  On  working  the  machine,  a  series  of  sparks  will  pass  be- 
tween the  ends  of  the  rods  D  and  E, 

In  order  to  avoid  a  loss  of  electricity,  flaps  of  oiled  silk  are  attached 
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to  the  rubbers,'  and  brought  into  contact  with  the  glass.  They  are 
not,  however,  represented  in  the  engravings.  In  the  plate  machine 
they  pis3  from  a  to  F  on  both  rubbers ;  and  in  the  cylinder  niachine  a 
single  flap  paases  from  the  lower  side  of  the  rubber  over  the  cylinder, 
to  just  above  the  brass  points. 


The  machine  by  which  the  most  powerful  results  may  be  obtained 
is  known  as  the  Holtz  machine,  represented  in  Fig.  310.  Its  action 
depends  wholly  on  induction.t 

*  The  rubber  of  an  eleclricaL  machine  consista  of  a  cuthion  miffed  with  hair,  and 
lubstance  which  readily  gencrales  electricity  by  Mctitm. 
tic  is  grejttly  increased  by  covcriDS  the  cushion  with  an 
amAlgacn  or  mixiure  of  tnercuTy,  tin,  tnA  zinc.  The  best  composition  of  the  amalgam 
is  two  parts,  by  weight,  of  line,  one  of  lin,  and  si>  of  mercuiy.  The  mercury  is  added 
10  the  mixture  of  the  line  and  lin  when  in  a  fluid  stale,  and  the  whole  ■>  then  shaken  in 
a  wDddea  box  until  it  is  cold:  it  is  then  mlucFd  10  a  powder,  and  mixed  with  a  suffi- 
cienl  quantity  of  lard  10  reduce  it  10  the  consistency  of  paste.  A  thin  coaling  of  this 
paste  is  spread  over  the  cushion. 

t  The  Holu  machine  consists  of  two  glass  plates,  A  and  B,  filed  upon  an  insulated 
stand.  The  plate  A,  i^ich  remains  statjonaiy.  is  pierced  by  two  apertures,  which  AR 
partly  covered  on  the  back  by  thick  bands  of  paper,  /wAf,  which  have  pdntt  pitn 
jecting  in  the  diieclion  opposite  to  that  in  which  the  smaller  glass  plate,  B,  revolvea. 
These  papen  are  called  armatures.  On  the  other  side  of  B  is  a  pair  of  bfass  igda, 
with  combs,  P  and  P',  attached.    These  rods  fotm  the  conductors  of  the  machine. 

Suppose  one  of  the  paper  strips,/',  to  be  chatied  with  negatiYe  deccridty  bj  ooo- 
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To  put  the  electrical  machine  in  good  order,  every  patt  must  be 
dry  and  clean,  because  dust  or  moisture  would,  by  their  conductiiq; 
power,  diffuse 
the  electric  fluid 
as  fast  as  accu- 
mulated. As  a 
general  rule,  it 
is  highly  essen- 


should  be  in  a 
dry  state  when 
electrical  expet' 

made,  as  the  con- 
ducting prop- 
erty of  moist 
Mr  prevents  the 

tricity   for    the 

production     o  f  Fig.  31s. 

striking  effects. 

734.  Various  other  arrangements  have  been  devised  for  the  pro- 
duction and  accumulation  of  electricity.     High-pressure    _        guam. 
steam  escaping  from  a  steam-boiler  carries  with  it  minute    boiler  be 
particles  of  water ;  and  the  friction  of  these  against  the   used  «b  ta 
surface  of  the  jet  from  which  the  steam  issues  produces    ^^'^^''^ 
electricity  in  great  abundance. 

»act  with  3  plate  of  vulcaniw;  it  will  draw  positive  clFclTJciry  from  Ihe  oppijEile  brau 
comlgclnr,  P',  and  cause  tlys  fluid  to  spread  over  the  Dearer  aide  of  the  mavable  plate. 
The   place   then   cumicig,  this   positively  char)(ed  portioD  will  come  opposite  the  next 

tioned  will  cause  other  positive  fluid  to  be  repelled  from  the  further  side  ot  ibe  revolv- 
jng  plale,  and  enter  Ibe  point  prq^ecting  from  the  paper,  /.  at  tbai  part,  so  cbargine 
this  nrip  ptuilive];?.  Iliis  positively  chaiged  &trip  of  paper  will  then  act  upon  the 
revolving  disk  uactly  as  the  negativdy  charged  one  did  bcfoic,  but  of  course  Id  the 
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Fig.  312. 


Diseharging'Tods  are  brass  rods  terminating  with  balls,  or  with 

What  are        points,  fixed  to  glass    handles. 
diBchar-  With  these  rods  electricity  may 

ging-rods  ?       ^  taken  from  a  conductor  with- 
^w         out    allowing    the    electrical    charge  to  pass 
^^       through  the  body  of   the   operator,  because 
^  ^^^ifc.        the  metal  is  a  better  conductor  of  electricity 

^^    than  the  body.    Their  construction  is  shown  in 

i?  Fig*  311- 

Fig.  311.  ^  "^    . 

An  mstrument  called  the  "universal  dis- 
charger," used  to  convey  strong  charges  of  electricity  through  various 
substances,  is  represented  by  Fig.  312.  It  consists  of  two  glass  stand- 
ards, through  the  top  of  which 
two  metallic  wires  slide  freely; 
these  wires  are  pointed  at  the 
end,  /,  but  have  balls  screwed 
upon  them;  the  other  ends  are 
furnished  with  rings.  The  balls 
rest  on  a  table  of  boxwood,  into 
which  a  slip  of  ivory  or  thick 
glass  is  inlaid.  Sometimes  a  press,  /^  is  substituted  for  the  table, 
between  which  any  substance  necessary  to  be  pressed,  during  the 
discharge,  is  held  firm. 

725.  An   Elecirophorus  is  a  simple  apparatus,  in 
which  a  small  charge  of  electricity  may  be 
generated  by  induction  ;  and  this,  commu- 
nicated successively  to  an  insulated  con- 
ductor, may  produce  a  charge  of 
indefinite  amount. 

It  consists  of  a  circular  cake  of  resin 
Describe  the  (shellac),  (Fig,  313),  laid  upon 
action  of  ^   metallic   plate ;    upon    this 

the  dec-  cake,  the  surface  of  which  has 

trophorus.  ^^^  negatively  electrified  by 
rubbing  it  with  dry  silk  or  fur,  is  placed  a 
metallic  cover,  somewhat  smaller  in  diame- 
ter,  and  furnished  with  a  glass  insulating  handle.  The  negative 
electricity  of  the  resin,  by  acting  inductively  upon  the  two  electricities 


What  is  an 
electro- 
phorus  ? 


Fig.  313. 
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combined  in  the  cover,  separates  them,  —  the  positive  being  attncted 
to  the  under  surface,  and  the  negative  repelled  Co  the  upper.  On 
touching  the  cover  with  the  finger,  all  the  negative  electricity  will 
escape,  and  the  positive  electricity  alon 
the  cover  by  its  insutatit^  handle,  the  posi- 
tive electricity,  which  was  before  held  at 
the  lower  part  of  the  cover  by  the  induc- 
tive action  of  the  resin,  will  become  free,  and  1 
may  be  imparted  Co  any  insulated  conductor 
adapted  to  receive  it.  The  same  process 
may  be  repeated  indefinitely,  as  the  resinous  cake  loses  none  of  its 
electricity,  but  simply  acts  by  induclion,  and  thus  an  insulated  con- 
ductor may  be  charged  to  any  extent  Fig.  314  shows  the  distribu- 
tion of  electricity  in  the  elect ropbonis. 

726.  An  E/eetroscope  is  an   instrument  employed 
to  indicate  the  presence  of  free  electricity.   whiiii»»n 

It  usually  consists  of  two  light  conduct-  «"«'">'"i*' 
ing  bodies  freely  suspended,  which  in  their  natural 
state     hang  whatisth. 
~^^  vertically  ^^1°^!° 

and  in  con-  troKope? 
tact.  When  electricity 
is  imparted  to  them, 
they  repel  each  other, 
and  the  amount  of  their 
divergence  is  propor- 
tioned to  the  quantity 
of  electricity  diffused 
on  them. 

Pi^     ^  The  simplest  form  of  the 

electroscope,  called  the  "  pith- 
ball  electroscope,"  consists  of  two  pilh-balls  suspended  by  silk  threads. 
When  an  excited  body  is  presented,  the  balls  will  be  first  attracted,  but, 
immediately  acquiring  the  same  degree  of  electricity  as  the  exciting 
body,  they  repel  each  other.     Fig.  315  represents  a  delicate  electro- 
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scope ;  two  slips  of  gold-leaf,  n  n,  being  substituted  for  the  pith-balls. 
If  an  excited  substance,  A,  be  brought  near  the  cap  of  brass,  the 
leaves  will  instantly  diverge.  The  best  electroscopes  are  carefully 
insulated,  so  that  the  electricity  communicated  to  the  balls  or  leaves 
may  not  be  too  soon  dissipated. 

Electroscopes  merely  indicate  the  presence  of  an 
electrically  excited  body :  they  do  not  measure  the 
quantity,  either  relatively  or  absolutely,  of  the  elec- 
tricity in  action. 

^22*  An  E/eciromefer  is  an  instrument  for  measur- 

what  is  an     '^^S  ^hc  quantity  of  elec- 
cicctro-  tricity. 

meter  ?  •' 

The  most  simple  form  of  the 

electrometer  is  represented  in  Fig.  316.    It  con- 
sists of  a  semicircle  of  varnished  paper,  or 
ivory,  fixed  upon  a  vertical  rod.    From  the 
^  center  of  the  semicircle  a  light  pith-ball  is  sus- 

pended, and  the  number  of  degrees  through 
which  the  ball  is  attracted  or  repelled  by  any  body  brought  in  prox- 
imity to  it  indicates  in  a  degree  the  active  quantity  of  electricity 
present.  No  very  accurate  results,  however,  can  be  obtained  with 
this  apparatus;  and  for  accurate  investigation  instruments  of  more 
ingenious  and  complicated  construction  are  used. 

The  electrometer  usually  employed  for  measuring 
with  great  accuracy  small  quantities  of  electricity  is 
that  of  Coulomb's,  usually  called  the  Torsion  Balance. 

The  construction  of  this  instrument  is  as  follows :  A  needle,  or  stick 
E  1  I  th  °^  shellac,  bearing  upon  one  end  a  gilded  pith-ball,  is 
construction  suspended  by  a  fiber  of  silk  within  a  glass  vessel :  the 
of  the  tor-  needle  being  so  balanced,  that  it  is  free  to  turn  horizon- 
a  ance.  ^^|jy  J^J-Q^^^J  ^jjg  point  of  suspension  in  every  direction. 
When  the  pith-ball  is  electrified  by  induction,  the  repellent  force  causes 
the  needle  to  turn  round,  and  this  produces  a  degree  of  torsion,  or 
twist,  in  the  fiber  which  suspends  it ;  and  the  tendency  of  the  fiber  to 
untwist,  or  return  to  its  original  position,  measures  the  force  which 
turns  the  needle.    Within  the  glass  vessel,  which  is  cylindrical,  a 
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graduated  circle  is  placed,  which  measures  the  angle  through  which 
the  needle  is  deflected.  In  the  cover  of  the  vessel  an  aperture  is 
made  through  which  the  electrified  body 
may  be  introduced,  whose  force  it  is 
desired  to  indicate  and  measure  by  the 
apparatus.  Fig.  317  represents  the  con- 
struction and  appearance  of  the  torsion 

By  means    of    the    torsion 
balance,      Coulomb  what  im- 
proved    that    the  i»""t"»w 
law    o£    electrical  haiiwea 
attraction    and     re-  thetonion 
pulsion,    as    influ-  '"'•'>«' 
enced  by  distance,  is  the  same   ±H 
as  the  law  of  gravitation  ;  that 
is,   the  force  varies   inversely 
as  the  square  of  the  distance. 

728.  The  L»/d»n'jar  is  a  glass  vessel  used  for  the 
purpose  of  accumulating  electricity  derived  whaii»a 
from  electrically  excited  surfaces.  Leyden-jar? 


The  principle  of  the  Leyden-jar  may  be  best  explained  by  describ- 
ing what  is  called  the  "fulminating  pane."  This  consists  of  a  glass 
plate,   Fig.  318,   having  a  square  leaf  of  tinfoil   attached   to  each 
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side.  One  of  these  sheets  is  connected  by  a  strip  of  tinfoil  to  a 
Explain  the  I'ing  on  the  frame,  so  that  connection  with  the  ground 
action  and  can  be  made  by  means  of  a  chain.  If  the  insulated 
orthTf^-**"  ^^^^  ^  brought  into  contact  with  the  prime  con- 
minating  ductor  of  an  electrical  machine,  the  plate  will  become 

pane.  charged'. 

The  Leyden-jar  is  cor»structed  upon  the  same  principle  as  the 
In  what  coated  pane;  and  its  discovery,  accompanied  with  the 

manner  was  first  experience  of  the  nervous  commotion  known  as 
*^*  P"°*^*P*®  the  electric  shock,  occurred  in  this  way :  In  1746,  while 
den -jar  first  some  scientific  gentlemen  at  Leyden,  in  Holland,  were 
made  amusing  themselves  with  electrical   experiments,  it  oc- 

known  ?  curred  to  one  of  them  to  charge  a  tumbler  of  water  with 

electricity,  and  learn  by  experiment  whether  it  would  affect  the  taste. 
Accordingly,  having  fixed  a  metallic  rod  in  the  cork  of  a  bottle  filled 
with  water,  he  presented  it  to  the  electrical  machine  for  the  purpose 
of  electrifying  the  water,  holding  at  the  same  time  the  bottle  in  his 
hand  by  its  external  surface,  without  touching  the  metallic  rod  by 
which  the  electricity  was  conducted  to  the  water.  The  water,  which 
is  a  conductor,  received  and  retained  the  electricity,  since  the  glass,  a 
non-conductor,  by  which  it  was  surrounded,  prevented  its  escape. 
The  presence  of  free  electricity  in  the  water,  however,  induced  an 
opposite  electricity  on  the  outside  of  the  glass ;  and  when  the  operator 
attempted  to  remove  the  rod  out  of  the  bottle,  he  brought  the  two 
electricities  into  communication  by  means  of  his  hand,  and  received, 
for  the  first  time,  a  severe  electric  shock.  Nothing  could  exceed  the 
astonishment  and  consternation  of  the  operator  at  this  unexpected 
sensation ;  and,  in  describing  it  in  a  letter  immediately  afterward  to 
the  French  philosopher  Reaumur,  he  declared  that  for  the  whole  king- 
dom of  France  he  would  not  repeat  the  experiment. 

The  experiment,  however,  was  soon  repeated  in  different  parts 
of  Europe;  and  the  apparatus  by  which  it  was  produced  received 
a  more  convenient  form,  the  water  being  replaced  by  some  better 
conducting  substances,  as  metal-filings,  for  which  tinfoil  was  after- 
ward substituted. 

The  Leyden-jar,  as  usually  constructed,  consists 
Describe  the  of  a  glass  jar,  Fig.  319,  having  a  wide 
of  tSTort"  niouth,  and  coated,  externally  and  inter- 
den-jar.         nally,  to  within  two  or  three  inches  of  the 
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mouth,  with  tinfoil.  A  wooden  cover,  well  var- 
nished, is  fitted  into  the  mouth  of  the  jar,  through 
which  a  stout  brass  wire,  furnished  with  a  ball, 
passes,  having  a  chain  or  wire  attached  to  its  lower 
end,  so  as  to  be  in  contact  with  the  inside  coat- 
ing. 

A  Leyden-jar  is  charged  by  presenting  the  brass 
ball  at  the  end  of  the  rod  of  the  jar  to  a       ^ 
prime  conductor  of  an  electrical  machine  i-eydeo-jM 
in  action,  or  to  any  other  excited  surface.  "  "' 
To  charge  a  jar  strongly,  it  is  necessary  that  the  out- 
side coating  should  be  directly  or  indirectly  connected 
with  the  ground. 

When  a  spark  of  positive  electricity  emets  the  jar,  it  diffuses  itself 
over  the  inner  surface  by  means  of  the  conducting  power  of  the  tinfoil. 
This  electricity, 
by  induction,  at- 
tracts from  the 
ground  on  to 
the  outer  sur- 
face of  the  glass 
a  nearly  equal 
quantity  of  neg- 
ative electricity. 
By  this  means  a 
large  quantity  of 
electricity    may 

be  stored  in  Ihe  sides  of  the  jar.  The  electricity  resides  wholly  on 
the  surface  of  the  glass.  The  power  of  a  Leyden-jar  will  there- 
fore depend  upon  its  size,  or  extent  of  surface. 

729.  A    Leyden-jar  is   discharged    by  effecting   a 
communication    between    the    outer    and 

How  ia  the 

inner  surfaces  by  means  of  a  good  con-  Leyden-jac 
doctor,  as  the  discharging-rod.     Care  must     '      " 


444  NATURAL    PHILOSOPHY. 

be  taken  to  touch  first  the  outer  coating,  otherwise  a 
smart  shock  will  be  felt. 

730.  A  combination   of   Leyden-jars,  so  arranged 

that   they   may   be   all   charged  and    dis- 
Bieetiieiu        charged  together,  constitutes  an  electrical 
battery.     This  may  be  effected  by  forming 
a  connection  between  all  the  wires  proceeding  from 
the    interi- 
ors   of    the 
jars,    and 
also    c  o  n- 
necting    all 
their  exteri- 
or coatings. 

Such  <ui  ar- 

rangement  is 

represented    by 

Fig.  32a    The 

F».3«.  dUchargerf 

electncity  from 

such  a  combination  is  accompanied  by  a  loud  report ;  and  when  the 

number  of  the  jars  is  considerable,  animals  may  be  killed,  metal  wires 

be  melted,  and  other  effects  produced,  analogous  (o  those  of  lightning. 

731.  By  means  of  an  electrical  machine  and  the  Leyden-jar,  many 
What  interesting  and  amusing  electrical  experiments  may  be 
enpeilmenti      performed. 

lUuitntc  the  •^'he  phenomenon  of  the  repulsion  of  substances  simi- 
•nd  repuliive  la riy  electrified  may  be  illustrated  by  means  of  a  doll's 
[orcesof  head  covered  with  long  hair.     When  this  is  attached  to 

eleetnerty?  ^^  prime  conductor  of  an  electrical  machine,  the  hairs 
stand  erect,  and  give  to  the  head  a  most  exa^erated  appearance  of 
fright  (see  Fig.  321).  The  same  thing  may  be  shown  by  placitig  a  per- 
son on  a  stool  with  glass  legs,  so  that  he  be  perfectly  insulated,  and 
making  him  hold  in  his  hand  a  brass  rod.  the  other  end  of  which 
touches  the  prime  conductor;  then,  on  turning  the  machine,  the  hairs 
of  the  head  will  diverge  in  all  directions. 
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If  a  small  number  of  ligureg  are  cut  out  in  paper,  or  carvecl  out  of 
pith,  and  an  excited  glass  tube  be  held  a  few  inches  above  them  on  a 
table,  the  figures  will  immediately  com- 
mence dancing  up  and  down,  assuming 
a  variety  of  droll  posi- 
tions.   The  experiment 
can    be    shown  better 
by  means  of  an  elec- 
trical   machine    than 
with  the  excited  tube, 
by  suspending  horizon- 
tally  from    the    prime 
conductor  a  metal  disk 
a  few  inches  above  a 
flat  metal  surface  con- 
nected  with  the  earth, 
on   which    the   figures 
are  placed     On  working   the   machine,  the   figures 
will  dance  in  a  most  amusing  manner,  being  alternately  attracted  and 
repelled  by  each  plate  (see  Fig.  Jiz). 

The  electrical  bells.  Fig.  333,  which  are  rung  by  electric  attraction 
and   repulsion,  are  good   illustrations  of  these  forces,    what  i«  the 
Where  three  bells  are  employed,  the  two  outer  bells,  A    experiment 
and  B,  are  suspended  by  chains,  but  the  central  one  and    ol  the  elee- 
the  two  clappers  hang  from  silken  strings.    The  middle   '""^ 
bell   is   connected   with    the 
earth    by   a    chain    or    wire. 
Upon  working   the   machine 
the  outer  bells  become  posi- 
tively   electrified,    and     the 
middle  one,  which  is  insulated 
from    the    prime   conductor, 
becomes   negative    by  mduc-     i 
tion.    The  little  clappers  be- 
tween   them   are   alternately 
attracted  and  repelled  by  the 
outer  and  inner  bells,  produ- 
■  cing  a  constant   ringing  as   long  as  the  machine  is  in   action. 
It  was  by  attaching  a  set  of  bells  of  this  kind  to  his  lightning-con- 
ductor, that  Dr.  Franklin  received  notice,  by  Iheii  ringing,  of  the  pas- 
sage of  a  thunder-cloud  over  his  apparatus. 


Fkj.  jaj. 
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732.  When  a  current  of  electricity  passes  through 
What  effect  3.  good  conductor  of  Sufficient  size  to  carry 
tricity*^pon  ofi  the  wholc  quantity  of  electricity  easily, 
a  conductor?  ^j^g  conductor  is  not  apparently  affected 
by  its  passage ;  but  if  the  conductor  is  too  small,  or 
too  imperfect  to  transmit  the  electric  fluid  readily, 
very  striking  effects  are  produced,  the  conductor 
being  not  unfrequently  shivered  to  pieces  in  an 
instant. 


What 

experiments 
illustrate  the 
mechanical 
effects  of 
electricity  ? 


Fig.  324. 


The  mechanical  effects  exerted  by  electricity  in  passing  through 

imperfect  conductors  may 
be  illustrated  by  many 
simple  experiments.  If  we 
transmit  a  strong  charge 
of  electricity  through  wa- 
ter, the  liquid  will  be  scat- 
tered  in  every  direction.  A  rod  of  wood 
half  an  inch  thick  may  be  split  by  a 
strong  charge  from  a  Leyden-jar,  or  bat- 
tery, transmitted  in  the  direction  of  its 
fibers.  If  we  place  a  piece  of  dry  writ- 
ing-paper upon  the  stand  of  a  universal 
discharger,  and  then  transmit  a  charge 
through  it,  the  electricity,  if  sufficiently  strong,  will  rupture  the  paper. 
If  we  hold  the  flame  of  a  candle  to  a  metallic  point  projecting  from 
the  prime  conductor  of  an  electrical  machine  in  action,  the  current  of 
air  caused  by  the  issuing  of  a  current  of  electricity  from  the  point  will 
be  sufficient  to  deflect  the  flame,  and  even  blow  it  out  (Fig.  324). 

733.  The  passage  of  electricity  from  one  substance 
How  do  s  ^^  another  is  generally  attended  with  an 
electricity      cvolutiou  of  hcat  j  and  a  current  of  elec- 

evolve  heat  ?     -    .    . ,  .  .  r      . 

tricity  passing    over   an    imperfect    con- 
ductor raises  its  temperature. 

This  heat  is  due  to  the  resistance  offered  by  the  conducting  sub- 
stance to  the  passage  of  the  electricity. 
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If  a  small  charge  of  electricity  be  passed  throi^h  smali  metal  wire 
a  few  inches  in  length,  its  temperature  will  be  sensibly  elevated ;  if 
the  charge  be  increased,  the  wire  may  be  made  red-hot,  and  even 
melted  and  vaporized. 

The  worst  conductors  of  electricity  suffer  much  greater  changes  of 
temperature  by  the  same  charge  than  the  best  conductors.  The  charge 
of  electricity  which  only  elevates  the  temperature  of  one  conductor 
will  sometimes  render  another  red-hot,  and  will  volatilize  a  third. 

The  heat  developed  in  the  passage  of  electricity 
through  combustible  or  explosive  substances  which 
are  imperfect  conductors  causes  their  combustion  or 
explosion. 

If  a  charge  of  a  Leyden-jar  be  passed  through  a  wire  into  some 
gunpowder,  the  powder  will  be  scattered,  but  will  not  explode.     If  a 
net  string  be  added  in  the  wire, 
the   current   will    be   retarded, 
and  the  powder  ignited. 

Ether  or  alcohol  may  be  also 
fired  by  passing  through  it  an 
electric  discharge.  Let  cold 
water  be  poured  into  a  wine- 
glass, and  let  a  thin  stratum  of 
ether  be  carefully  poured  upon 
it  The  ether,  being  lighter, 
will  float  on  the  water.  By 
means  of  a  Leyden-jar  a  charge 
may  be  passed  through  the  ves- 
sel, and  the  ether  will  be  ignited 
(Fig-  3^5)-  Fio.  3^5. 

If  a  person  standing  on  an 
insulated  stool  touches  the  prime  conductor  with  one  hand,  and  with 
the  other  transmits  a  spark  to  the  orifice  of  a  gas-pipe  from  which  a 
current  of  gas  is  escaping,  the  gas  will  be  ignited. 

By  the  friction  of  the  feel  upon  a  dry  woolen  carpel,  sufficient  elec- 
tricity may  be  often  excited  in  the  human  body  to  transmit  a  spark  to 
a  gas-burner,  and  thus  ignite  the  gas. 

If  we  bring  a  candle  with  a  long  snuff,  that  has  just  been  extin- 
guished, near  to  a  prime  conductor,  so  that  the  spark  passes  from  the 
conductor,  through  the  smoke,  to  the  candle,  it  may  be  relighted 
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734.  Electricity  in  its  motion  over  imperfect  con- 
ductors,  or  from  one  conducting  substance 
trie  fluid         to  another,   is  generally  attended  with  an 
exhibition  of  light. 
The  sicongest  electric  charges  (hat  can  be  accumulated  in  a  body 
Uuit  liffht        "'"  '^^''^'  afford  the  least  appearance  of  light  so  ibt^  as 
be  tegsrilsd       a   state    of  electric  equilibrium  exists,  and  the   electric 
■*  a  property    fluids  are  at  rest.    Light,  therefore,  tnust  not  be  regarded 
"'  ^     as  a  property  of  electricity,  but  as  the  result  of  a  dis- 
turbance occasioned  by  electricity. 

The  fur  of  a  cat  sparkles  when  rubbed  with  the  hand  in  cold 
Why  doe>  weather.  The  reason  of  this  is,  that  the  friction  between 
the  far  dI  ■  the  hand  and  fur  [iroduces  an  excitation  of  negative 
cBtapatkle?  electricity  in  the  hand,  and  positive  in  the  fur,  and  an 
interchange  of  the  two  is  accompanied  with  a  spark,  or  appearance  of 
light. 

When  the  finger,  or  a  brass  ball  at  the  end  of  a  rod,  is  presented 
What  is  the  to  the  prime 
lorm  of  the  conductor  of 
elecirie  an  electrical 

machine    in 
action,  a  spark  is  produced 
by  the  passage  of  the  fluid 
from  the  conductor  to  the 
'""  ■'"'■  finger  or  the  metal.     This 

spark  has  an  irregular  zigzag  form  resembling  more  or  less  the  appear- 
ance of  lightning,  as  shown  in  Fig.  316. 

The  length  of  the  electric  spark  will  vary  with  the 
upon  what  power  of  the  machine.  A  very  powerful 
fength^f  machine  will  so  charge  its  prime  conduc- 
theeiectrie  (q^,  that  sparks  may  be  taken  from  it  at 
depend^         the  distance  of  thirty  inches. 

If  the  part  of  either  of  the  electrically  excited  bodies 
paint  influ.  which  is  presented  to  the  other  has  the  form  of  a  point, 
encethe  the    electric   fluid   will    escape,    not   in    the    form   of   a 

appearanee       spark,  but    as   a   brush    or   pencil    of    light,  the   diver- 
ging rays  of  which  have  somedmes  a  length  of  two  or 
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three  inches.  Fig.  337  represents  this  appearance.  The  brash  and 
pencil  of  light  are  composed  of  a  number  of  sparks.  The  light 
seen  at  times  on  the  spars  of  vessels,  and  known  as  St.  Elmo's  fire, 
is  of  this  nature. 

The   rapidity  of  the   electric   light  is  marvelous ; 
and  it  has  wbai  u  the 
been   ex-  .'"V/ir' 
periment-  <ricip«rk? 
ally  shown  that  the    ' 
duration  of  the  light    ' 
of    the  spark  does  ^^^ 

not  exceed  the  one- 
millionth   part   of   a   second.* 

*  The  amngtnwnl  by  which  Ihii  ficl  was  dcmonitrawd  hj  Mr.  Whatslone  of 
Eogland  may  be  dcscnbed  as  follows:  ConudeT^ble  lengths  of  copper  wire  (about 
bilf  a  mile  being  employed]  are  so  arranged  ihal  Ihree  small  bnaks  occur  in  its  con- 
tinuity,—one  nearlbcDuUr  CDaluigora  Leyden-j>[,  one  neat  Ihe  amaeclion  with  the 
inner  coaling,  and  anolhet  eiaclly  in  the  middk  at  the  wire,  —  so  thai  Ihiee  tpacks  are 
■een  at  cvcty  discharge,  one  al  the  break  near  the  source  of  excitation,  another  in  the 
middle  of  its  path,  and  the  third  cloae  to  the  point  of  returning  connection;  these,  by 
bending  the  wire,  are  bioughi  close  together.  Exactly  opposite  to  this  was  placed  a 
metallic  speculum,  Axed  on  an  axis,  and  made  to  revolve  parallel  to  the  line  of  the 
three  sparks.  When  a  spark  of  light  is  viewed  in  a  rapidly  revolving  mirror,  a  long 
line  is  seen  uistead  of  a  poinl.  Il  will  be  obvious  that  ihtet  hoes  of  light  will  be  seeo 
in  the  revolving  mb-ror  every  lime  a  discharge  takes  place,  and  that,  if  the  fiisl  ot  the 
last  diJTer  in  the  smallest  portion  of  lime,  these  lines  must  begin  al  dilTerenl  pcnnts  on 
the  speculum. 

When  the  minor  revolved  slowly,  the  position  of  the  lines  was  unifimn,  thus 

-■■  but  when  the  velodlywasincreased,  Iheyappeared  thus  — — : 

those  produced  by  the  sparks  at  either  end  of  the  wire  being  conslanlly  couicident.  but 
the  spark  evolved  al  the  break  in  the  middle  being  slightly  behind  the  olhet  two. 
Fnwi  this  il  appears  that  the  disturbance  commences  simultaneously  at  either  end  of 
a  drcuil,  and  travels  toward  the  middle.  This  has  been  adduced  in  proof  of  the  two 
electricities.  Il  was  thus  detetmincd  that  electricity  moves  through  copper  wire  at  a 
rate  beyond  788,000  miles  in  a  second.  It  will  be  evident  to  any  one  con^dering  the 
subject,  that  the  length  of  Ihe  line  seen  in  ihe  speculum  depends  on  the  duration  of  the 
spark.  When  Ihe  mitror  was  made  10  revolve  eight  hundred  times  in  a  second, 
the  image  of  the  spark,  at  ten  feel  distance,  appeared  10  Ihe  eye  of  the  observer  10 
make  an  arc  of  about  half  a  degree,  and  from  this  its  duration  was  calculated.  — 
//mil.  The  rapidity  of  the  electric  light  varies  with  the  apparatus  employed.  PiDfes- 
lor  Rood,  d( Columbia  College,  with  ■  Jar  having  a  surface  of  eleven  square  inches, 
fimdd  thai  the  duration  of  a  spuk  was  only  foi^bitlianths  of  a  secotuL 
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735.  When  the  continuity  of  a  substance  conducting  electricity  is 
interrupted,  a  spark  will  be  produced  at  every  point  where  the  course 
of  the  conductor  is  broken. 

A  great  variety  of  beautiful  experiments  may  be  performed  to  illus- 
trate this  principle.  Thus,  upon 
a  piece  of  glass  may  be  placed 
at  a  short  distance  from  each 
other  any  number  of  bits  or 
pieces  of  tinfoil,  as  is  represented 
^y  Fig*  328;  when  the  metal  at 
either  end  is  connected  with  the 


Fig.  328. 


prime  conductor  of  an  electrical  machine,  the  sparks  will  pass  from 
one  piece  of  tinfoil  to  the  other,  and  form  a  stream  of  beautiful  light. 
By  varying  the  position  of  the  pieces  of  tinfoil,  letters  or  any  other 
devices  may  be  exhibited  at  the  pleasure  of  the  operator. 

In  a  like  manner,  by  fastening  by  means  of  lac- varnish  a  spiral  line 
of  pieces  of  tinfoil  upon    /-^^  _r-r> 

the  interior  of  a  tube.  Q  ^ X  j^^  ^  .X.^  -'"'''^^^ 
as  is  represented  in  Fie.    ^^  „ 

^-       ,.        r  Fig.  399. 

329,  a  serpentme  Ime  of 

fire  may  be  made  to  pass  from  one  end  of  the  tube  to  the  other. 

736.  The  intensity  of  the  electric  light  depends 
-,        .  ,     both  upon  the  density  of  the  accumulated 

Upon  what  -^  •' 

does  the  elcctricity,  and  the  density  and  nature  of 
the  electric     the  aerial  medium  through  which  the  spark 

light  depend?    ^^^^^^ 

Thus,  the  electric  light,  in  condensed  air,  is  very  bright ;  and  in  a 
rarefied  atmosphere  it  is  faint  and  diffusive,  like  the  light  of  the  aurora- 
borealis ;  in  carbonic  acid  gas  the  light  is  white  and  intense ;  it  is  red 
and  faint  in  hydrogen,  yellow  in  steam,  and  green  in  ether  or  alcohol. 

If,  by  means  of  an  air-pump,  the  air  is  exhausted  from  a  long 
How  may  cylindrical  tube  closed  at  each  end  with  a  metallic  cap, 
the  auroral  and  a  current  of  electricity  passed  through  it,  an  imita- 
light  be  tion  of  the  appearance  of  the  aurora-borealis  is  pro- 

"      *  duced.    When  the  exhaustion  of  the  tube  is  nearly  per- 

fect, the  whole  length  of  the  tube  will  exhibit  a  violet-red  light.  If  a 
small  quantity  of  air  be  admitted,  luminous  flashes  will  be  seen  to 
issue  from  points  attached  to  the  caps.    As  more  and  more  air  is 
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admitted,  the  flashes  of  light  nhich  glide  in  a  serpentine  form  down 
the  interior  of  the  tube  will  become  more  thin  and  white,  until  at  last 
the  electricity  will  cease  to  be  diffused  through  the  column  of  air,  and 
will  appear  as  a  glimmering  light  at  the  two 
points.    The  apparatus  for  studying  these  * 

effects  is  shown  m  Fig,  33a  It  consists  of 
a  gloss  globe,  furnished  with  a  stop-cock,  so 
thai  it  may  be  attached  to  an  air-pump.  It 
is  attached  lo  a  prime  conductor  of  an  elec- 
trical machine  by  means  of  the  ring  B. 

Sealed  glass  tubes  containing  vapors  or 
gas  in  a  very  rarefied  state  are  known  as 
Geissler's  tubes.  By  passing  an  electric 
spark  through  them,  a  variety  of  effects  in 
colors  and  brilliancy  may  be  produced. 

737.  In  the  processes  hith- 
erto described,  electri-  whatare 
city  has  been  developed  ^ea^^^^ts 
by  friction.  In  nature  in"*""'" 
the  agents  which  are  eiecincity? 
undoubtedly  the  most  active  in 
producing  and  exciting  electricity 
are  the  light  and  heat  of  the 
sun's  rays. 

The   change   of  form  or  state  "^'  ^^ 

in  bodies  is  also  one  of  the  most  powerful  methods 
of  exciting  electricity. 

Water,  in  passing  into  steam  by  artificial  heat,  or  in  evaporating  by 
the  action  of  the  sun  or  wind,  generates  large  quantities  of  electricity. 
The  crystallization  of  solids  from  liquids,  all  changes  of  temperature, 
the  growth  and  decay  of  vegetables,  are  also  instrumental  in  produ- 
cing electrical  phenomena- 
Vital   action,   and   all   muscular    move-  Do««vit«i 
ments   in   man    and   animals,   develop   or  ur  action 
produce  electricity  :  it  may  also  be  shown  tricityp 


452  NATURAL  PHILOSOPHY. 

by  direct  experiment  that  a  person  can  not  even 
contract  the  muscles  of  the  arm  without  exciting 
an  electrical  action. 

Certain  animals  are  gifted  with  the  extraordinary  power  of  produ- 
cing at  pleasure  considerable  quantities  of  electricity  in  their  systems, 
and  of  communicating  it  to  other  animals  or  substances.  Among 
these  the  electrical  eel  and  the  torpedo  are  most  remarkable,  the 
former  of  which  can  send  out  a  charge  sufficient  to  knock  down  and 
stun  a  man  or  a  horse.  The  electricity  generated  by  these  animals 
appears  to  be  the  same  in  character  as  that  produced  by  the  electrical 
machine. 


SECTION   I. 

ATMOSPHERIC  ELECTRICITY. 

738.  Electricity  is  always  found   in   the  air,  and 
Does  dec-      appears  to  increase  in  strength  and  quan- 
tar.r«:l  tity  with  the  altitude, 
phere?  j^   jg  somctimes  different  in  the  lower 

regions  from  what  it  is  in  the  upper,  being  positive 

What  kind      ^^  ^^^  ^^^  negative  in  the  other ;  but  in 
of  electricity  the  Ordinary  state  of    the  atmosphere  its 

is  diffused  , 

through  the  clectricity  is  invariably  positive, 
atmosp  ere  When  the  slcy  is  overcast,  and  the  clouds 
are  moving  in  different  directions,  the  atmosphere  is 
subject  to  great  and  sudden  variations,  rapidly  chan- 
ging from  positive  to  negative,  and  back  again  in  the 
space  of  a  few  minutes. 

The  principal  causes  which  are  supposed  to  pro- 
whatissup.  ducc  elcctrfcity  in  the  atmosphere  are, 
occasion  evaporation  from  the  earth's  surface, 
i*n*thc  atmos-  ^hemical  changes  which  take  place  upon 
phere?  the   earth's   surface,   and   the   expansion. 


ELECTRICITY.  453 

condensation,  and  variation  of  temperature,  of  the 
atmosphere  and  of  the  moisture  contained  in  it. 

When  a  substance  is  burning,  positive  electricity  escapes  from  it 
into  the  atmosphere,  while  the  substance  itself  becomes  negatively 
electrified.  Thus  the  air  becomes  the  receptacle  of  a  vast  amount  of 
positive  electricity  generated  in  this  manner. 

Lightning  is  accumulated  electricity,  generally  dis- 
charged from  the  clouds  to  the  earth,  but  sometimes 
from  the  earth  to  the  clouds. 

In  the  lower  regions  of  the  atmosphere  lightning  is  white ;  but  in 
the  higher  and  more  rarefied  regions  it  is  pink.  This  fact  is  in 
accordance  with  the  experiment  described  in  §  736. 

739.  The  identity  of  lightning  and  electricity  was 
first  established  by  Dr.  Franklin,  at  Phila-  „,^  ^ 

•^  '  Who  first 

delphia,  in   1752.  established 

the  identity 
The  manner  in  which  this  fact  was  demonstrated  was    of  lightning 

as  follows :  Having  made  a  kite  of  a  large  silk  handker-    and  elec- 
chief  stretched  upon  a  frame,  and  placed  upon  it  a       ^*  ^ 
pointed  iron  wire  connected  with  the  string,  he  raised  it  upon  the 
approach  of  a  thunder-storm.     A  key  was  attached  to    Describe 
the  lower  end  of  the  hempen  string  holding  the  kite,  and    Franklin's 
to  this  one  end  of  a  silk  ribbon  was  tied,  the  other  end    experiment, 
being  fastened  to  a  post.    The  kite  was  now  insulated,  and  the  experi- 
menter for  a  considerable  time  awaited  the  result  with  great  solicitude. 
Finally  indications  of  electricity  began  to  appear  on  the  string ;  and,  on 
Franklin  presenting  his  knuckle  to  the  key,  he  received  an  electric  spark. 
The  rain,  beginning  to  descend,  wet  the  string,  increased  its  conducting 
power,  and  vivid  sparks  in  great  abundance  flashed  from  the  key.   Frank- 
lin afterward  charged  Leyden-jars  with  lightning,  and  made  other  experi- 
ments, similar  to  those  usually  performed  with  electrical  machines. 

The  experiment,  as  thus  performed,  was  one   of  great   risk  and 
danger,  since  the  whole  amount  of  electricity  contained    ^jjy  ^^g 
in  the  thunder-cloud  was  liable  to  pass  from  it,  by  means    this  expert- 
of  the  string,  to  the  earth,  notwithstanding  the  use  of    ment  one  of 
the  silk  insulator.*  *■'  *    *  *^ 

*  When  the  experiment  was  subsequently  repeated  in  France,  streams  of  electric 
fire,  nine  and  ten  feet  in  length,  and  an  inch  in  thickness,  darted  spontaneously  with 
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From  whatever  cause  electricity  is  present  in  the  air,  the  clouds 
What  is  the  appear  to  collect  and  retain  it;  and  when  two  clouds 
cause  of  charged  with  opposite  electricities  approach  one  another 

lightning?        ^  discharge  takes  place.     In  this  way  the  electricities 
neutralize  one  another,  and  an  equilibrium  is  restored. 
Under  what  When  a  cloud  highly  charged  with  electricity  is  near 

circum-  to  the  earth,  the  surface  of  the  earth,  for  a  great  extent, 

stances  may  also  become  highly  charged  by  induction ;  and  when 

rdat  nass "  *^^  tension  of  the  electricity  becomes  sufficiently  great, 
from  the  or  the  two  electric  surfaces  come  sufficiently  near,  a  flash 

earth  to  the  of  lightning  not  unfrequently  passes  from  the  earth  to 
^^°"^^  ^  the  clouds. 

How  many  740.  Lightning  has  been  divided  into 
iightni*ng  three  kinds  ;  viz.,  zigzag  or  chain  lightning, 
are  there?       shcct-lightning,  and  ball-lightning. 

The  zigzag,  or  forked  appearance  of  lightning,  is  believed  to  be 
occasioned  by  the  resistance  of  the  air,  which  diverts  the 
cause  of  the     electric  current  from   a  direct  course.     In  a  vacuum 
diverse  lightning  passes  in  a  straight  line.    The  globular  form 

*PPf"*°5®  of  lightning,  sometimes  observed,  is  not  satisfactorily 
accounted  for.  What  is  called  "sheet,"  or  "heat" 
lightning,  is  sometimes  the  reflection  in  the  atmosphere  of  lightning 
very  remote,  or  not  distinctly  visible ;  but  generally  this  phenomenon  is 
occasioned  by  the  play,  of  silent  flashes  of  electricity  between  the 
clouds,  the  amount  of  electricity  developed  not  being  sufficient  to  pro- 
duce any  other  effects  than  the  mere  flash  of  light.  A  flash  of  light- 
ning is  often  several  leagues  in  length,  and  lasts  less  than  the  one- 
thousandth  part  of  a  second. 

What  is  the        ^^^'  ^^^  usual  explanation  of  thunder 
cause  of         is,  that  it  is  due  to  a  sudden  displacement 
of  the   particles   of  air   by  the   electrical 
current. 

Lightning  and  thunder  are  always  simultaneous ;  but,  owing  to  the 
difference  in  their  rate  of  speed,  the  sound  is  usually  heard  some  sec- 
loud  reports  from  the  end  of  the  string  confining  the  kite.  During  the  succeeding 
year.  Professor  Richman  of  St.  Petersburg,  in  making  experiments  somewhat  similar, 
and  having  his  apparatus  entirely  insulated,  was  immediately  killed. 
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onds  ]ater.    If  the  lightning  occurs  at  a  distance  of  fourteen  or  fifteen 
miles  from  the  observer,  no  sound  is  heard. 

The  rolling  of  the  thunder  has  been  ascribed  to  the  effect  of  echo, 
but  this  undoubtedly  is  not  the  only  cause.  The  rolling  of  thunder  is 
heard  as  perfectly  at  sea  as  upon  land ;  but  there  none  of  the  causes 
which  are  generally  supposed  to  produce  echo,  as  mountains,  hills, 
buildings,  &c.,  are  present. 

742.  A  knowledge  of  the  laws  of  electricity  has  enabled  man  to 
protect  himself  from  its  destructive  influences.    Light- 
ning-rods, or  conductors,  were  first  introduced  by  Dr.    liffhtnine- 
Franklin.    He  was  induced  to  recommend  their  adop-   conductors 
tion  as  a  means  of  protection  to  buildings,  &c.,  from    fi"tintro- 
observing  that  electricity  could  be  quietly  and  gradually 
withdrawn  from  an  excited  surface  by  means  of  a  good  conductor, 
which  was  pointed  at  its  extremity. 

As  ordinarily  constructed,    a   lightning-conductor 
consists  of  a  metal  rod  fixed  in  the  earth,  ^^hat  is  a 
running  up  the  whole  height  of  a  building,  "Khtning- 
and  rising  to  a  point  above  it. 

It  ought  to  extend  so  far  below  the  surface  of  the  ground  as  to 
reach  water,  or  earth  that  is  permanently  damp.  It  is,  moreover,  a 
good  plan  to  bury  the  end  of  the  lightning-rod  in  powdered  charcoal, 
since  this  preserves  in  a  measure  the  iron  from  rust,  and  facilitates  the 
passage  of  the  electricity. 

A  lightning-conductor  of  sufficient  size  is  believed 
to  protect  a  circle,  the  diameter  of  which  what  space 
is  four  times  the  length  of  that  part  of  the  ^ingfrod  *" 
rod  which  rises  above  the  building.    Thus,  p~t«c*? 
if  the  rod  rises  two  feet  above  the  house,  it  will  pro- 
tect the  building  for  (at  least)  eight  feet  all  round. 

A  lightning-conductor  may  be  productive  of  harm  in  two  ways :  if 

the  rod  be  broken  or  disconnected,  the  electric  fluid,    .-,, . 

wnen  inay 

being  obstructed  in  its  passage,  may  enter  the  building ;  a  lightning- 
and,  if  the  rod  be  not  large  enough  to  conduct  the  whole  rod  be  pro- 
current  to  the  earth,  the  lightning  will  fuse  the  metal,  J^^^p* 
and  enter  the  building. 
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A  lightning-conductor  protects  a  building,  even  when  no  visible 
discharge  takes  place.  For  the  electricity  of  the  earth,  opposite  in 
quality  to  that  of  the  inducing  cloud,  flows  from  the  point  of  the  con- 
ductor, and  neutralizes  the  electricity  of  the  cloud. 

743.  As  regards  safety  in  a  thunder-storm,  it  is  prudent,  if  out  of 

doors,  to  avoid  trees  and  elevated  objects  of  every  kind, 

are  safe  which  the  lightning  would  be  likely  to  strike  in  its  pas- 

andwhat         sage  to  the  earth.    A  stream  of  water,  being  a  good 

dangerous,       conductor,  should  be  avoided. 

storm?  '  ^^'  within  doors,  the  middle  of  a  carpeted  room  is 
tolerably  safe,  provided  there  is  no  lamp  hanging  from 
the  ceiling.  It  is  prudent  to  avoid  the  neighborhood  of  chimneys, 
because  lightning  may  enter  the  room  by  them,  soot  being  a  good  con- 
ductor. For  the  same  reason,  a  person  should  remove  as  far  as  possi- 
ble from  metals,  mirrors,  and  gilt  articles.  The  safest  position  that  can 
be  occupied  is  to  lie  upon  a  bed  in  the  middle  of  a  room ;  feathers  and 
hair  being  excellent  non-conductors.  In  all  cases,  the  position  of 
safety  is  that  in  which  the  body  can  not  assist  as  a  conductor  to  the 
lightning.  The  position  of  surrounding  bodies  must  therefore  be 
attended  to,  whether  a  person  be  insulated  or  not. 

The  apprehension  and  solicitude  resp>ecting  lightning  are  propor- 
tionate to  the  magnitude  of  the  evils  it  produces,  rather  than  the  fre- 
quency of  its  occurrence.  The  chances  of  an  individual  being  killed 
by  lightning  are  infinitely  less  than  those  which  he  encounters  in  his 
daily  walks,  in  his  occupation,  or  even  during  his  sleep,  from  the 
destruction  of  the  house  in  which  he  lodges,  by  fire. 

744.  The  mechanical  power  exerted  by  lightning 
What  are  is  enormous,  and  difficult  to  account  for. 
^SfSs  of  It  produces  the  same  effects  as  the  electric 
lightning?      battery,  but  in  a  far  greater  degree. 

It  magnetizes  iron,  kills  men  and  animals,  inflames  combustible 
matter,  and  melts  metals.  After  the  passage  of  lightning,  a  p>eculiar 
odor  is  perceived,  due  to  the  formation  of  ozom^  a  peculiar  modifica- 
tion of  oxygen.  The  presence  of  this  substance  is  often  also  noticed 
when  an  electrical  machine  is  worked. 

745.  The  phenomenon  of  the  aurora-borealis  is 
supposed  to  be  due  to  the  passage  of  electric  cur- 
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rents  through  the  higher  regions  of  the  atmosphere; 
the  different  colors  manifested  being  pro-  whM  ■■  the 
duced   by  the  passage   of  the  electricity  ^u"", 
through  air  of  different  densities.  battittt 

In   the   northern    hemisphere   the   aurora   always 
appears  in  the  north ;  but  in  the  southern  ,„^     , 
hemisphere   it   appears   in  the  south.     It  theauro™ 
seems  to  originate  at  or  near  the  poles  of  "''**" 
the  earth,  and  is  consequently  seen  in  its  greatest 
perfection  within  the  Arctic  and  Antarctic  Circles. 


F.G.  3JI. 

The  lurora  is  not  a  local  phenomenon,  but  is  seen  simultaneously 
at  places  widely  remote  from  each  other,  as  in  Europe  and  America. 

The  general  height  of  the  aurora  is  supposed  to  be  between  one  and 
two  hundred  miles  above  the  surface  of  the  earth ;  but  it  sometimes 
appears  within  the  region  of  the  clouds. 

Auroras  occur  more  frequently  in  the  winter  than  in  the  summer, 
and  are  only  seen   at  night    They  affect  in  a  peculiar  manner  the 
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magnetic  needle  and  the  electric  telegraph ;  and,  as  the  disturbances 
occasioned  in  these  instniments  are  noticed  by  day  as  well  as  by  night, 
there  can  be  no  doubt  of  the  occurrence  of  the  aurora  at  all  hours. 
The  intense  light  of  the  sun,  however,  renders  the  auroral  light  invisi- 
ble during  the  day. 

The  accompanying  figure  (331)  represents  one  of  the  most  beautiful 
of  the  auroral  phenomena. 


CHAPTER   XVI. 

GALVANISM. 

746.  Electricity  excited  or  produced  by  the 
chemical  action  of  two  or  more  dissimilar  „_    , 

What  is 

substances   upon    each    other  is    termed  galvanic 
Gal¥anic  or  Voltaic  Electricity;  and  the  de-  ***^*"*^**^ 
partment  of  physical  science  which  treats   of  this 
form  of  electrical  disturbance  is  called  Galvanism. 

The  most  simple  method  of  illustrating  the  pro- 
duction of  galvanic  electricity  is  by  placing  what  simple 
a  piece  of  silver  (as  a  coin)  on  the  tongue,  experiment 
and  a  piece  of  zinc  underneath.     So  long  theproduc- 
as  the  two   metals  are  kept  asunder,  no  galvanic 
effect  will  be  noticed ;  but  when  their  ends  electricity? 
are    brought    together,   a    distinct    thrill   will   pass 
through  the  tongue,  a  metallic  taste  will  diffuse  itself, 
and,  if  the  eyes  are  closed,  a  sensation  of  light  will 
be  evident  at  the  same  moment. 

This  result  is  owing  to  a  chemical  action  which  is  developed  the 
moment  the  two  metals  touch  each  other.  The  saliva  of  the  tongue 
acts  chemically  upon,  or  oxidizes,  a  portion  of  the  zinc,  which  excites 
electricity ;  for  no  chemical  action  ever  takes  place  without  producing 
electricity.  Upon  bringing  the  ends  of  the  two  metals  together,  a 
slight  current  passes  from  one  to  the  other. 

If  a  living  fish,  or  a  frog,  having  a  small  piece  of  tinfoil  on  its  back, 
be  placed  upon  a  piece  of  zinc,  spasms  of  the  muscles  will  be  excited 

459 
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whenever  a  metallic  communication  is  made  between  the  zinc  and  the 

The  production  of  electricity  by  the  chemical 
Whan  and  ^ctioii  of  two  inetals,  when  brought  in 
howwH        contact,    was    first    noticed    by    Galvani, 

■iKiiicity       professor   of   anatomy  at   Bologna,    Italy, 
dlteovsnd?  _   _ 

in  179a 


Fig.  33a. 
IS  directed  to  the  subject  in  the  following  manner : 
Having  occasion  to  dissect  several  frogs,  he  hung  up  their  hind-legs 
on  some  copper  hooks,  until  he  might  find  it  necessary  to  use  them 
for  illustration.  In  this  manner  he  happened  to  suspend  a  number  of 
the  copper  hooks  on  an  iron  balcony,  when,  to  his  great  astonishment, 
the  limbs  were  thrown  into  violent  convulsions.  On  investigating  the 
phenomenon,  he  found  that  the  mere  contact  of  dissimilar  metals  with 
the  moist  surfaces  of  the  muscles  and  nerves  was  all  that  was  neces- 
sary to  produce  the  convulsions. 

This  singular  action  of  electricity,  first  noticed  by  Galvani,  may  be 
experimentally  exhibited  without  difficulty.     Fig.  332   represents  the 
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extremities  of  a  frog,  with  the  upper  part  dissected  in  such  a  way  as  to 
exhibit  the  nerves  of  the  legs,  and  a  portion  of  the  spinal  marrow.  If 
we  now  take  two  thin  pieces  of  copi>er  and  zinc,  C,  Z,  and  place  one 
under  the  nerves,  and  the  other  in  contact  with  the  muscles  of  the  leg, 
we  shall  find  that  so  long  as  the  two  pieces  of  metal  are  separated,  so 
long  will  the  limbs  remain  motionless ;  but,  by  making  a  connection, 
instantly  the  whole  lower  extremities  will  be  thrown  into  violent  con- 
vulsions, quivering  and  stretching  themselves  in  a  manner  too  singular 
to  describe.  If  the  wire  is  kept  closely  in  contact,  these  phenomena 
are  of  momentary  duration ;  but  are  renewed  every  time  the  contact  is 
made  and  broken. 

Galvani  attributed  these  movements  of  the  muscles  to  a  kind  of 
nervous  fluid  pervading  the  animal   system,  similar  to    _ 
the  electric  fluid,  which  passed  from  the  nerves  to  the    did  Galvani 
muscles,  as  soon  as  the  two  were  brought  in  communica-    attribute 

tion  with  each  other,  by  means  of  the  metallic  connec-   ******  P**®" 

^  nomena  ? 

tion,  in  the  same  way  as  a  discharge  takes  place  between 

the  external  and  internal  coatings  of  a  Leyden-jar.  He  therefore 
called  the  supposed  fluid  animal  electricity. 

The  experiments  of  Galvani  were  repeated  by  Volta,  an  eminent 
Italian  philosopher,  who  found  that  no  electrical   or    what  was 
nervous  excitement  took  place  unless  a  communication    determined 
between  the  muscles  and  the  nerves  was  made  by  two   ^^  Volta  ? 
different  metals,  as  copper  and  iron,  or  copper  and  zinc.    He  consid- 
ered that  electricity  was  produced  by  simple  contact  of  the  dissimilar 
metals,  positive  electricity  being  evolved  from  the  one,  and  negative 
electricity  from  the  other. 

The  true  cause  of  electrical  excitement  occasioned 
by  the  contact  of  dissimilar  metals  is  now  ^^at  is  the 
fully  ascertained  to   be   chemical  action ;  ^J;"®  ^fV"®  °' 

'  '    electncity 

and   recent   researches   have   also  proved  developed 
that  no  chemical  action  ever  takes  place  of  different 
without  the  development  of  free  electricity.  "*****■  ^ 

The  electricity  produced  by  chemical  action  has 
been  termed  galvanic  or  voltaic  electricity,  in  honor 
of  Galvani  and  Volta,  who  first  developed  its  phe- 
nomena. 
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The  fundamental  principle  which  forms  the  basis  of  the  science  of 
galvanic  electricity  is  as  follows :  — 

Any  two  metals,  or,  more  generally,  any  two  differ- 
whatprinci-  ent  bodies  which  are  conductors  of  elec- 

ple  forms  the    ^    .    .  ^  «  it*  -.         « 

basis  of  the  tricity,  when  placed  in  contact,  develop 
g^l'Ln'if  electricity  by  chemical  action;  positive 
electricity?  elcctricity  flowing  from  the  metal  which  is 
acted  upon  most  powerfully,  and  negative  electricity 
from  the  other. 

In  general,  that  metal  which  is  acted  upon  most 
What  are       easily  is  termed  the  electro-positive  metal, 

eIectro~ 

positive  and    or  element;   and   the  other,  the  electro- 
negative       negative  metal,  or  element, 
elements  ?  ^he  clcctrical  forcc  or  power  generated 

in  this  way  is  called  the  electro-motive  force, 

747.  Different  bodies  placed  in  contact  manifest 
different  electro-motive  forces,  or  develop  different 
quantities  of  electricity. 

Bodies  capable  of  developing  electricity  by  contact  may  be  arranged 
How  may  ^"^  ^  series  in  such  a  manner  that  any  one,  placed  in  con- 
bodies  tact  with  another  holding  a  lower  place  in  the  series, 
capable  of  ^ju  receive  the  positive  fluid,  and  the  lower  one  the 
electro^  negative  fluid;  and,  the  more  remote  they  stand  from 
motive  each  other  in  the  order  of  the  series,  the  more  decidedly 
forces  be          ^in  the  electricity  be  developed  by  their  contact 

The  most  common  substances  used  for  exciting  gal- 
vanic electricity  may  be  arranged  in  such  a  series  as  follows :  zinc,  tin, 
lead,  iron,  antimony,  copper,  silver,  gold,  platinum,  and  black-lead,  or 
graphite. 

Thus  zinc  and  lead,  when  brought  in  contact,  will  produce  elec- 
tricity; but  it  will  be  much  less  active  than  that  produced  by  the 
union  of  zinc  and  iron,  or  the  same  metal  and  copper,  and  the  last  less 
active  than  zinc  and  platinum,  or  zinc  and  graphite. 

748.  In  the  production  of  galvanic  electricity  for  practical  purposes, 
it  is  necessary  to  have  a  combination  of  three  different  conductors, 
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or  elements,  one  ti  which  mosl  be  soU<l  and  one  floid,  while  the  third 
may  be  either  solid  or  fluid. 

The  process  usually  adapted  is  to  place  between  two  Wh*t  It  the 

plates  of  different  kinds  of  metal  a  liquid  capable  of  practicml 

exciting  some  chemical  action  on  one  of  the  plates,  while  ''"••'°°  **' 

it  has  no  action,  or  a  different  action,  upon  the  other,  galvanic 

A  communication  is  then  formed  between  the  two  plates,  electricity  ? 

When   two   metals  capable  of  exciting  electricity 
are  so  arranged   and   connected  that  the 
positive    and    negative    electricities    can  laivtoie 
meet  and  flow  in  opposite  directions,  they  '' "" 
are  said  to  form  a  galvanic   circuit,  or  circle. 

A  very  simple  and  at  the  same  time  an  active  galvanic  circuit  may 
be  fonned  by  an   arrange-   o^j^ije 
ment  aa  represented  in  Fig.    aitiiniile 
333.      C    and    Z    are    thin   f«lv«nie 
plates  of  copper  and   zinc   '™'"''- 
immersed  in  a  glass  vessel  containing  a 
very  weak  solution  of  sulphuric  acid  and 
water.      Metallic   contact   can    be    made 
between  the  plates  by  wires   which  are 
soldered  to  them.     If  now  the  wires  are 
connected,    a    galvanic    circuit    will    be 
formed;  positive  electricity  passing  from 
the  zinc  through  the   liquid,  to  the   cop- 
per, and  from  the  copper  along  the  conductii^  wires  to  the  zinc,  as 
indicated  by  the  arrows  in  the  ligure.     A  current  of  negative  elec- 
tricity at  the  same  time  traverses  the  circuil  also,  from  the  copper  to 
the  zinc,  in  a  direction  precisely  reversed. 

Such  an  arrai^ement  is  called  a  simple  galvanic  battery. 

749.  The   ends   of  the   connecting   wires,  or   the 
terminal   points   of  any  other  connecting  whatare 
medium  used,  are  called  the  poles  of  the  '^^^^^'^ 

battery.  battery? 

Thus,  when  zinc  and  copper  plates  are  vised,  the  end  of  the  wire 
conveying  positive  electricity  from  the  copper  would  be  the  positive 
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pole,  and  the  end  of  the  wire  conveying  negative  electricity  from  the 
zinc  plate  would  be  the  negative  pole. 

750.  For  convenience  in  certain  experiments,  the 
What  is  an  ^i^^s  of  the  coppcr  wires  connecting  the 
electrode  ?  poles  of  the  galvanic  battery  are  frequently- 
terminated  with  thin  strips  of  platinum,  which  are 
called  electrodes.  The  platinum  slip  connected  with 
the  positive  pole  forms  the  positive  electrode,  and 
that  with  the  negative  pole  the  negative  electrode. 

Platinum  is  used  for  the  reason,  that,  in  employing  the  battery  for 
effecting  decompositions,  it  is  frequently  necessary  to  immerse  the 
ends  of  the  connecting  wires  in  corrosive  liquids,  and  this  metal  gen- 
erally is  not  affected  by  them. 

At  what  The  manifestations  of  electricity  will  be 

ckcuius   *  most  apparent  at  that  point  of  the  circuit 

c«!eci2iy  where   the   two  currents   of  positive   and 

manifested?  negative  clcctricity  meet. 

When  the  two  wires  connecting  the  metal  plates  of  a  battery  are 
When  is  a  brought  in  contact,  the  galvanic  circuit  is  said  to  be 
circuit  said  closed.  No  sign  of  electrical  excitement  is  then  visible ; 
to  be  closed  ?    ^j^g  action,  nevertheless,  continues. 

751.  When  the  wire  from  one  end  of  a  voltaic  bat- 
How  may  ^^^X  ^^  conncctcd  with  the  wire  from  the 
voltaic  opposite  end,  voltaic  action  instantly  com- 

action  be  in-  .  ,      "^ 

tcrruptcdand  mcuccs ;  and  it  as  instantaneously  ceases 
renewe  when  the  councction  is  interrupted.     The 

rapidity  with  which  the  electric  circuit  may  be  com- 
pleted and  broken  has  no  ascertained  limit ;  nor  does 
it  appear  to  be  controlled  by  resistance  caused  by 
traversing  miles  of  wire. 

In  the  formation  of  a  galvanic  circuit  by  the  employment  of  two 
metals  and  a  liquid,  the  chemical  action  which  gives  rise  to  the  elec- 
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tricity  takes  place  through  a  decomposition  of  the  liquid.  It  is  there- 
fore essential  to  the  formation  of  an  active  galvanic  «... 
circuit,  that  the  liquid  employed  should  be  capable  theory  of  the 
of  being  decomposed.-  Water  is  most  conveniently  production  of 
applicable  for  this  purpose.  When  plates  of  zinc  and  ****  galvanic 
copper  are  immersed  in  water,  the  elements  of  the  water, 
oxygen  and  hydrogen,  are  separated  from  each  other,  in  consequence  of 
the  greater  attraction  which  the  oxygen  has  for  the  zinc  The  oxygen 
therefore  unites  with  the  zinc,  and  by  so  doing  produces  an  alteration 
in  the  electrical  condition  of  the  metal.  The  zinc,  conmiunicating  its 
natural  share  of  electricity  to  the  liquid,  becomes  negatively  electrified. 
The  copper,  attracting  the  same  electricity  from  the  liquid,  becomes 
positively  electrified;  at  the  same  time  the  hydrogen,  which  is  the 
other  element  of  the  water,  is  also  attracted  to  the  copper,  and  appears 
in  minute  bubbles  upon  its  surface.  If  the  two  metal  plates  be  now 
connected  with  metallic  wires,  positive  electricity  will  flow  from  the 
copper,  and  negative  electricity  from  the  zinc ;  and  by  the  union  of 
these  two  an  electric  current  will  be  formed.* 

With  water  alone,  and  two  metals,  the  quantity  of  electricity  excited 
is  very  small ;  but,  by  the  addition  of  a  small  quantity  of  some  acid, 
the  excitement  is  greatly  increased. 

Although  two  metal   plates   are  employed    in    the    arrangement 
described,  only  one  of  them  is  active  in  the  excitement    ^^^^^  ^^  ^^^ 
of  electricity,  the  other  plate  serving  merely  as  a  con-   necessity  of 
ductor  to  collect  the  force  generated.     A  metal  plate  is   two  metals 
generally  used  for  this  purpose,  because  metals  conduct    J.°rcuft*?^*°**^ 
electricity  much  better  than  other  substances  exposing 

•  The  terms  "  electric  fluid"  and  "  electric  current,"  which  are  frequently  employed 
in  describing  electrical  phenomena,  are  calculated  to  mislead  the  student  into  the  sup- 
position that  electricity  is  known  to  be  a  fluid,  and  that  it  flows  in  a  rapid  stream  along 
the  wires.  Such  terms,  it  should  be  understood,  are  founded  merely  on  an  assumed 
analogy  of  the  electric  force  to  fluid  bodies.  The  nature  of  that  force  is  unknown ;  and 
whether  its  transmission  be  in  the  form  of  a  current,  or  by  vibrations,  or  by  any  other 
means,  b  undetermined. 

In  a  discussion  which  took  place  some  years  since  at  a  meeting  of  the  British  Asso- 
ciation for  the  Advancement  of  Science,  respecting  the  nature  of  electricity,  Professor 
Faraday  expressed  his  opinion  as  follows:  "  There  was  a  time  when  I  thought  I  knew 
something  about  the  matter;  but  the  longer  I  live,  and  the  more  carefully  I  study  the 
subject,  the  more  convinced  I  am  of  my  total  ignorance  of  the  nature  of  electricity." 

"  Alter  such  an  avowal  as  this,"  says  Mr.  Bakewell, "  from  the  most  eminent  elec- 
trician of  the  age,  it  is  almost  useless  to  say  that  any  terms  which  seem  to  designate  the 
form  of  electricity  are  merely  to  be  considered  as  convenient  conventional  expressions." 
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an  equal  surface  to  the  fluids  in  which  they  are  immersed ;  but  other 
conductors  may  be  used,  and  when  a  proportionately  larger  surface  is 
exposed,  to  compensate  for  inferior  conducting  power,  they  answer  as 
well  as,  and  in  some  instances  better  than,  metal  plates.  Thus  charcoal 
is  very  often  employed  in  the  place  of  copper ;  and  a  very  hard  mate- 
rial obtained  from  the  interior  of  gas-retorts,  called  graphite,  is  consid- 
ered one  of  the  best  conductors. 

Two  metals  are  not  absolutely  essential  to  the  formation  of  a  sim- 
ple galvanic  circuit.  A  current  may  be  obtained  from  one  metal  and 
two  liquids,  provided  the  liquids  are  such  that  a  stronger  chemical 
action  takes  place  on  one  side  of  the  metal  plate  than  on  the  other. 

In  some  electric  batteries,  also,  two  metals  and  two  dissimilar  liquids 
are  employed. 

752.  The  electricity  developed  by  a  simple  gal  van- 
How  may  ic  circuit,  whether  it  be  composed  of  two 
Sctkm  be  Hictals  and  a  liquid,  or  any  other  combina- 
increased  ?  tion,  is  exceedingly  feeble.  Its  power  can, 
however,  be  increased  to  any  extent  by  a  repetition 
of  the  simple  combinations. 

The  first  attempt  to  increase  the  power  of  a  galvanic  circuit  by 
increasing  the  number  of  the  combinations  was  made 
pileof  Volta.  ^^  Volta.  He  constructed  a  pile  of  zinc  and  copper 
plates,  with  a  moistened  cloth  interposed  between  each. 
He  commenced  with  a  zinc  plate,  upon  which  he  placed  a  copper  plate 
of  the  same  size,  and  on  that  a  circular  piece  of  cloth  previously 
soaked  in  water  slightly  acidulated.  On  the  cloth  was  laid  another 
plate  of  zinc,  then  copper,  and  again  cloth ;  and  so  on  in  succession, 
until  a  pile  of  fifty  series  of  alternate  metal  plates  and  moistened  cloths 
was  formed,  the  terminal  plate  of  the  series  at  one  end  being  copper, 
and  at  the  other  end  zinc  A  metallic  wire  attached  to  the  highest 
copper  plate  will  constitute  the  positive  pole,  and  another  to  the  lowest 
zinc  plate  the  negative  pole,  of  such  a  series. 

Fig-  334  represents  Volta*s  arrangement  of  metal  plates  and  wet 
cloths,  with  the  metallic  wires  which  constitute  the  poles. 

Such  combinations  are  denominated  voltaic  piles. 
or  voltaic  batteries^  and  very  often  galvanic  batteries. 
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As  two  different  metals  and  an  interposing  liquid   are  generally 

employed  for  this  purpose,  it  has  been  usuai  to  call  these  combinations 
pairs  or  eltmints ;  so  thai  the  battery  is  said 
to  consist  of  so  many  pairs  or  elements,  each 
pair  or  element  consisting  of  cv.o  meials  and 

Voltaic  piles  have  been  consltucled  entirely 
of  vegetable  substances,  without  resorting  to 
the  use  of  any  metal,  by  placing  disks  of  beet- 
root and  walnul-wood  in  contact.  With  such 
a  pile,  and  a  leaf  of  grass  as  a  conductor,  con- 
vulsions in  the  muscles  of  a  dead  frog  are  said 
to  have  been  produced.  Other  experiment- 
alists have  formed  voltaic  piles  wholly  of 
animal  substances. 

A  perfectly  dry  voltaic  pile,  known  from 
its  inventor  as  Zamboni's  pile,  may  be  formed 
of  disks  cut  from  paper  silvered  or  tinned  on 
one  side,  and  coated  on  the  other  with  iinely 
powdered  binoxide  of  manganese.  If  from 
twelve  hundred  Id  eighteen  hundred  of  these 
be  packed  together  in  a  glass  tube,  so  that 
their  similar  faces  sball  all  look  the  same  way, 
and  be  pressed  tightly  tc^ether  at  each  end 
by  metallic  plates,  it  will  be  found  that  one 
extremity  of  the  pile  is  positive,  and  the  other 
negative.  Such  a  series  will  last  more  than 
twenty  years ;  but  It  requires  as  many  as  ten 
thousand  pairs  to  afford  sparks  Visible  in  day-  _ 

light,  and  to  charge  the  Leyden-jar. 

753.  The  galvanic  batteries  in  practical  use  at  the  present  time 
differ  considerably  in  form  and  etSciency;  but  the  principle  of  con- 
struction in  all  is  the  same  as  that  of  the  original  voltaic  pile. 

A  very  effective  arrangement,  known  as  the  trough  battery,  is  rep- 
resented in  Fig.  335.  This  consists  of  a  trough  of  wood.  Describe  the 
divided  into  water-tight  cells  or  partitions,  each  cell  trauBh- 
being  arranged  to  receive  a  pair  of  zinc  and  copper  oMtEry. 
plates.  The  plates  are  attached  to  a  bar  of  wood,  and  connected  with 
one  another  by  metallic  wires  in  such  a  way  thai  every  copper  plate 
is  connected  with  the  line  plate  of  Che  next  celt.    The  battery  is  ex- 
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Fig.  335. 


Smee's 
battery. 


cited  by  means  of  dilute  sulphuric  acid  poured  into  the  cells,  and  the 
current  of  electricity  is  directed  by  wires  soldered  to  the  extreme 

plates.  When  the  battery  is 
not  in  use,  the  plates  may  be 
raised  from  the  trough  by 
means  of  the  wooden  bar. 

The  battery  by  which  Sir 
Humphry  Davy  effected  his 
splendid  chemical  discoveries 
was  of  this  form,  and  con- 
sisted of  two  thousand  double 
plates  of  copper  and  zinc,  each 
plate  having  a  surface  of  thir- 
ty-two square  inches. 

754.  The  simplest  form  of 
galvanic  battery  at  present 
used  is  that  invented  by  Mr.  Smee,  and  known  as  Smee*s  battery 
Describe  (^^^  ^^ig*  336)*     ^^  consists  of  a  plate   of  silver  coated 

with  platinum,  suspended  between  two  plates  of  zinc, 
Z,  Z,  the  surfaces  of  which  last  have  been  coated  with 
mercury,  or  amalgamated  as  it  is  called.  The  three  are 
attached  to  a  wooden  bar,  which  serves  to  support  the 
whole  in  a  tumbler,  G,  partially  filled  with  a  weak  solu- 
tion of  sulphuric  acid  and  water.  The  wires,  or  poles 
for  directing  the  current  of  electricity,  are  connected 
with  the  zinc  and  platinum  plates  by  small  screw-cups,  S 
and  A. 

A  galvanic  battery  composed  of  elements  with  a  single 
What  is  the  1^^"^^»  ^s  the  Smee  battery,  is  not,  how- 
objection  ever,  uniform  in  its  action.  In  all  the  va- 
tosucha  rious  forms,  the  strength  of  the  electric 
current  excited  continually  diminishes  from 
the  moment  the  battery-action  commences.  This  is  chiefly  owing  to 
the  circumstance  that  the  metallic  plates  soon  become  coated  with  the 
products  of  the  chemical  decomposition,  the  result  of  the  chemical 
action  whereby  the  electricity  is  developed.  This  difficulty  is  obviated 
by  placing  the  copper  plate  in  a  liquid  upon  which  the  liberated  hydro- 
gen can  act  chemically. 

755.  Daniell*s  constant  battery,  constructed  according  to  this  prin- 
ciple, and  represented  in  Fig.  337,  maintains  an  effective  galvanic  action 


Fig.  336. 
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longer  than  any  other.     It  consists  ot  a  glass  jar,  V,  filled  with  a  satu- 
rated solution  of  sulphate  of  copper,  in  which  is  im-   oeieiibelhe 
mersed  a  perforated  copper  cylinder,  G.    Within  this   Duiiell'i 
cylinder  is  a  porous  vessel,  P,  of  earthenware,  which  is   '•■'*"^- 
filled  with  dilute  sulphuric  acid,  in  which 
is    placed    a    cylinder   of    amalgamated 
line.  Z. 

The  chemical  action,  under  such  cir- 
cumstances, is  as  follows :  By  the  action 
of  Che  sulphuric  acid  on  the  zinc,  hydro- 
gen is  libeiated  on  the  surface  of  the 
copper  plate,  and  meeting  the  sulphate 
□f  copper  solution  reduces  it,  forming 
sulphuric  acid  and  metallic  copper;  the 
latter  of  which  is  deposited  on  the 
copper  plate,  while  the  former  passes 
through  the  porous  cylinder,  and  re- 
places the  sulphuric  acid  used  up  by  its 
action  on  the  zinc.     The   sulphate   of  ^^^ 

copper  solution    is    kept   saturated  by 
crystals  of  the  sulphate  placed  on  the  perforated  shelf.  C.    By  this 

75&  One  of  the  most  efficient  batteries  is  that  known  as  Grove's 
battery.from  wh»t tithe 
and  is  the   o(  Qrov«'. 

rally  used  for  telegraphing, 
and  for  other  purposes  in 
which    powerful    galvanic 
I  action  is  required.     It  con- 

sists of  a  plain  glass  tum- 
bler, in  which  is  placed  a 
cylinder  of  amalgamated 
iinc,  Z,  Fig.  338,  with  an 
opening  on  one  side  to  al- 
low a  free  circulation  of 
Pj^      ^  the    liquid.      Within    this 

cylinder  is  placed  a  porous 
cup  or  cell  of  earthenware.  V,  in  which  is  suspended  a  strip  of  platinum 


470  NATURAL    PHiLOSOPHV. 

fastened  to  »  cover,  e,  which  resia  on  the  porous  cup.  The  porous 
cup  containing  the  platinum  is  filled  with  strong  nitric  acid,  and  the 
outer  vessel  contajnii^  the  zinc  with  weak  sulphuric  acid.  Fig.  338 
shows  the  form  of  ihe  platinum  strip. 


757-  In  the  Bunsen  battery,  the  various  parts  of  which  are  shown 
Wb.ti.th.     '"   '^'S-   339,   "he  platinum   strip  of  Grove's  battery  is 
GoomtructloD    replaced  by  a  cylinder  of  carbon. 
of  Bunttn'*  The  chemical  actions  o£  Grove's  and  Bunsen's  bat- 

b«tt«y7  jg^gj,   3^   identical.     The  hydrogen  liberated  on   the 

platinum  or  carbon  forms,  with  the  nitric  acid,  water  and  hyponitrous 


gas.    This  gaa   is  in   part  dissolved,  and  in  part  appears  as  nitrous 
fumes,  which  are  deleterious,  thu$  rendering  the  use  of  these  batteries 
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objectionable.  Fig.  340  shows  a  number  of  Bunsen  elements  arranged 
so  as  to  form  a  battery.  The  carbon  of  each  vessel  is  connected  with 
the  zinc  of  the  vessel  next  to  it. 

758.  The  electricity  evolved  by  a  single  galvanic 
circle  is  great  in   quantity,   but  weak   in  what  is  the 

intensity.*  distinctive 

pharacter  of 

These  two  qualities  may  be   compared  to   heat  6£    galvanic 
different  temperatures.    A  gallon  of  water  at  a  temper-    *  «<=*"'=»*y 
ature  of  100°  has  a  greater  quantity  of  heat  than  a  pint  at  200°  ;  but 
the  heat  of  the  latter  is  more  intense  than  that  of  the  former. 

The   electricity,    on   the   contrary,  pro-  wh*ti8the 

duced  by  friction,  or  that  of  the  electrical  character  of 

machine,  is  small  in  quantity,  but  of  high  ei«:tricity? 
tension,  or  intensity. 

759.  Galvanic  electricity,  or  the  electricity  devel- 
oped by  chemical  action,  differs  from  fric-  j^^^  ^^^^ 
tional,   or  ordinary   electricity,   chiefly  in  e»ivanic 

-^        .  ^  ^  differ  from 

its  continuance  of  action.     The  electricity  ordinary 
developed  by  friction  from  a  glass  plate,  ***^  *^*^ 
or  the   cylinder   of  an   electrical    machine,   exhibits 
itself  in  sudden  and  intermittent  shocks,  accompanied 
with  a  sort  of  explosion ;  whereas  that  which  is  gen- 
erated by  chemical  action  is  a  steady,  flowing  current. 

Frictional  electricity  is  capable  of  passing  for  a  considerable  dis- 
tance through  or  over  a  non-conducting  or  insulating  sub- 
stance,  which  galvanic  electricity  can  not  do.     Thus,  the    differences 
spark  from  a  prime  conductor  will  leap  toward  a  con-   between 
ducting  substance  for  some  distance  through  the  air,   ^wjj^j*-. 
which  is  a  non-conductor ;  but  if  a  current  of  galvanic 
electricity  is  resisted  by  the  slightest  insulation,  or  the  interposition  of 
some  non-conducting  substance,  the  action  at  once  stops.    Galvanic 

*  The  following  values  express  the  electro-motive  force  of  the  four  batteries:  — 

Smee's  element,  210.  Grove's  element,  829. 

Darnell's  element,  470.  Bunsen's  element,  839. 
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electricity  will  traverse  a  circuit  of  two  thousand  miles  of  wire,  rather 
than  make  a  short  circuity  by  overleaping  a  space  of  resisting  air  not 
exceeding  one  hundredth  part  of  an  inch.  Frictional  electricity,  on 
the  other  hand,  will  force  a  passage  across  a  considerable  interval,  in 
preference  to  taking  a  long  circuit  through  a  conducting-wire;  or  at 
least  the  greater  portion  of  it  will  pass  through  the  air,  though  some 
part  of  the  charge  will  always  traverse  the  wire. 

Frictional  electricity  is  always  on  the  surface  of  the  electrified 
body ;  but  electricity  as  a  current  flows  along  all  parts  of  the  conduc- 
tor alike. 

A  proper  and  simple  arrangement  of  a  zinc  plate  and  a  little  acid- 
ulated water  will  produce  as  much  electricity  in  three  seconds  of  time 
as  a  Leyden-jar  battery  charged  with  thirty  turns  of  a  large  and  pow- 
erful plate  electrical  machine  in  perfect  action.  The  shock  received 
by  transmitting  this  quantity  of  galvanic  electricity  through  the  animal 
system  would  be  hardly  perceptible ;  but,  received  from  a  Leyden-jar, 
would  be  highly  dangerous,  and  perhaps  fatal.  A  grain  of  water  may 
be  decomposed  and  separated  into  its  two  elements,  oxygen  and  hydro- 
gen, by  a  very  simple  galvanic  battery,  in  a  very  short  time ;  but 
eight  hundred  thousand  such  charges  of  a  Leyden-jar  battery,  as  above 
referred  to,  would  be  required  to  supply  electricity  sufficient  to  accom- 
plish the  same  result.  Such  a  quantity  of  electricity  sent  forth  from  a 
Leyden-jar  would  be  equal  to  a  very  powerful  flash  of  lightning. 

760.  The  quantity  of  electricity  excited  in  a  gal- 
upon  what  vanic  circuit  is  directly  proportional  to  the 
fity^2"*°"  amount  of  chemical  action  that  takes  place 
fiectricit  —  ^^  between  the  zinc  and  the  acid.  By 
depend?  increasing  the  amount  of  surface  exposed 
to  chemical  action,  we  therefore  increase  the  quan- 
tity of  electricity  evolved. 

Hence  gigantic  plates  have  been  constructed  for  the  purpose  of 
obtaining  an  immense  quantity. 

761.  The  tension  of  the  electricity  evolved  depends 
Upon  what  ^P^^  ^^^  number  of  plates,  and  is  greatest 
does  inten-     when  the  voltaic  pile  is  made  up  of  a  great 

Mty  depend?  1  r  „      ,  r  o 

number  of  small  plates. 


GALVANISM.  473 

762.  The  effects  produced  by  the  developed  electricity  of  a  la^ge 
galvanic  battery  are  physiological,  thermal,  luminous,  and  chemical. 

The  effects  of  the  galvanic  battery  upon  the  nerves 
and  muscles  of  the  animal  system  are  of  what  are 
the  same  character  as  those  produced  by  fo^cai^"° 
ordinary  electricity.  effects  of 

•^  g^alvanic 

On  grasping  the  two  ends  of  the  connecting-wires  of  *  ^  "'^^  ^ 
a  battery  of  some  force,  with  wet  hands,  a  peculiar  tremor  will  be  felt 
in  the  joints  of  the  arm  and  hand,  accompanied  by  a  slight  contortion 
of  the  muscles,  and  increasing  to  a  violent  shock.  This  shock  is 
repeated  every  time  a  contact  between  the  hand  and  the  wire  is  broken 
and  renewed.  The  concussion  of  the  nerves  of  the  body  is,  therefore, 
produced  by  the  entrance  and  exit  of  the  currents  of  electricity ;  for 
they  evidently  must  pass  through  the  body  the  moment  it  forms  the 
connecting  link  between  the  two  poles. 

By  a  particular  arrangement,  the  circuit  may  be  closed  or  inter- 
rupted at  pleasure,  and  in  such  a  manner  that  the  current  may  be 
made  to  pass  alternately  through  the  wires  and  the  body ;  the  latter 
being  thus  exposed  to  a  series  of  shocks  which  are  considered  particu- 
larly adapted  for  the  cure  of  diseases  arising  from  the  injury  or 
derangement  of  the  nervous  system.  It  is,  moreover,  a  highly  valua- 
ble remedy  in  cases  of  suffocation,  drowning,  paralysis,  &c. ;  and 
numerous  arrangements  have  been  at  various  times  proposed  for  the 
construction  of  medico-galvanic  machines. 

The  effect  of  galvanic  electricity  on  bodies  recently  deprived  of 
life  is  very  remarkable,  and  it  was  through  an  accidental  observance 
of  its  action  upon  a  dead  frog  that  galvanism  was  discovered.  By 
connecting  the  muscles  and  nerves  of  recently-killed  animals  with  the 
poles  of  a  battery,  many  of  the  movements  of  life  may  be  produced. 
Some  remarkable  experiments  of  this  character  were  made  some  years 
since  upon  the  body  of  a  man  recently  executed  for  murder  at  Glas- 
gow, in  Scotland.  The  voltaic  battery  employed  consisted  of  two  hun- 
dred and  seventy  pairs  of  plates,  four  inches  square.  On  applying  one 
pole  of  the  battery  to  the  forehead,  and  the  other  to  the  heel,  the  mus- 
cles are  described  to  have  moved  with  fearful  activity,  so  that  rage, 
anguish,  and  despair,  with  horrid  smiles,  were  exhibited  upon  the 
countenance. 

763.  Galvanic  electricity  is  a  powerful  agent  in  effecting  chemical 
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decompositions;  and  in  its  application  to  such  purposes  it  is  most 
practically  useful. 

Heat  is  evolved  whenever  a  galvanic  current  passes 
When  does  ovcr  a  Conducting  body ;  the  amount  of 
electricity  which  will  depend  on  the  quantity  and 
evolve  heat?  intensity  of  the  electricity  transmitted, 
and  upon  the  resistance  which  the  body  offers  to  the 
passage  of  the  current. 

The  metals  differ  greatly  in  their  conducting  power.  Thus,  if  we 
link  together  pieces  of  copper,  iron,  silver,  and  platinum  wire,  and 
pass  a  galvanic  current  along  them,  they  will  be  found  to  be  unequally 
heated,  the  platinum  being  the  most,  and  the  copper  the  least 

The  easiest  method  of  showing  by  experiment  the  heating  power 

of  the  galvanic  current  is  to  connect  the  poles  of  a  bat- 
the  heatinr  *^^  ^V  Cleans  of  a  fine  platinum  wire.  If  the  wire  is 
effects  of  very  long,  it  may  become  hot;  shorten  it  to  a  certain 

galvanic  extent,  and  it  will  become  red-hot ;  shorten  it  still  more, 

illustrated  ?      ^^^  ^^  ^^^^  become  white-hot,  and  finally  melt.    If  such 

a  wire  is  carried  through  a  small  quantity  of  salt  water 
on  a  watch-glass,  the  liquid  will  boil ;  if  through  alcohol,  ether,  or 
phosphorus,  they  will  be  inflamed ;  if  through  gunpowder,  it  will  be 
exploded. 

This,  power  has  been  applied  to  the  purpose  of  firing  blasts,  or 

mines  of  gunpowder,  an  operation  which  may  be  effected 
tical*appli-"  ^^^^  equal  facility  under  water.  The  process  is  as  fol- 
cation  has  lows :  The  wires  from  a  sufficiently  powerful  battery  are 
been  made  connected  by  a  piece  of  fine  platinum  wire,  which  is 
power?  placed  in  a  mass  of  gunpowder  contained  in  a  cavity 

of  a  rock,  or  inclosed  in  a  vessel  beneath  the  surface  of 
water.  The  wire  may  be  of  any  length  ;  but  the  moment  connection  is 
made  with  the  battery  the  current  passes,  renders  the  platinum  red-hot, 
and  explodes  the  powder. 

The  greatest  artificial  heat  man  has  yet  succeeded  in  producing  has 

been  through  the  agency  of  the  galvanic  battery.  All 
the  greatest  ^^^  metals,  including  platinum,  which  can  not  be  fused 
artificial  by  any   furnace-heat,  are  readily  melted.    Gold  bums 

*****  ^    P        with  a  bluish  light,  silver  with  a  bright  green  flame ;  and 

the  combustion  of  the  other  metals  is  always  accompa- 
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nied  with  brilliant  results.  All  the  earthy  minerals  may  be  liquefied 
by  being  placed  between  thd  poles  of  a  sufficiently  large  battery. 
Sapphire,  quartz,  slate,  and  lime  are  readily  melted ;  and  the  diamond 
itself  fuses,  boils,  and  becomes  converted  into  coal. 

764.  The  luminous  effects  of  the  galvanic  battery 
are   no   less   remarkable  than  its  heating  How  are 

rr      .  A  11        1^    *  J.    the  luminous 

effects.  A  very  small  voltaic  arrangement  effects  of  the 
is  sufficient  to  produce  a  spark  of  light  jj^^*"**^ 
every  time  the  circuit  is  closed  or  opened,  manifested? 
If  the  two  ends  of  wires  proceeding  from  the  opposite 
poles  of  a  battery  are  brought  nearly  together,  a 
bright  spark  will  pass  from  one  to  the  other;  and 
this  takes  place  even  under  water,  or  in  a  vacuum. 

The  most   splendid   artificial  light  known  is  pro- 
duced by  fixing  pieces  of  pointed  charcoal  ^^^  ^^^ 
to  the  wires  connected  with  opposite  poles  **»«  »o8* 

.  ^'^  *^.  intense  arti- 

of  a  powerful  galvanic  battery,  and  bnng-  ficiai  wght 
ing  them  within  a  short  distance  of  each    ^^^^  "^ 
other.     The  space  between  the  points  is  occupied  by 
an  arch  of  flame  that  nearly  equals  in  dazzling  bright- 
ness the  rays  of  the  sun. 

This  light,  which  is  termed  the  electric  light,  differs  from  all  other 
forms  of  artificial  light,  inasmuch  as  it  is  independent  of 
ordinary  combustion.    The  light  is  equally  strong  and   the  electric 
brilliant  in  a  vacuum,  and  in  such  gases  as  do  not  con-   light  differ 
tain  oxygen,  where  all  other  artificial  lights  would  be    ^''°™  *^^ 
extinguished.     It  may  even  be  produced  under  water,    ^j^^j  ij^h^g  j 
To  excite  the  electricity,  however,  which  occasions  this 
light,  zinc  or  some  other  metal  must  be  oxidized,  or,  what  is  the  same 
thing,  burnt,  the  same  as  oil  in  our  lamps,  or  coal  in  the  gas-retorts, 
for  the  production  of  other  species  of  artificial  light. 

When  the  distance  between  the  carbon-points  becomes  so  great 
that  the  electricities  are  unable  to  pass  over  the  intervening  space,  and 
combine  with  one  another,  no  light  is  produced.    Moreover,  the  car- 
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bon  connected  with  (he  positive  pole  of  the  battery  is  consumed  twice 
as  rapidly  as  that  connected  with  the  itegative  pole.    To  remedy  these 
^^  defects,  and  to  keep   the   points 

^^  at  a  fixed  distance  apart,  a  system 

of  wheels  which  is  run  by  clock- 
work has  been  devised.  Fig.  341 
represents  the  mechanism  and  or- 
dinary arrangement  of  the  electriC' 
lighting  apparatus. 

765.  When  a  current  of 
cu.e.i™»:  galvanic  elec- 
eiectricitr       tricitv  is  made 

elf  act  cheml-  "'      , 

cMdecom-  topass  through 
''°^*''"''  a  compound 
conducting  substance,  its 
tendency  is  to  decompose 
and  separate  it  into  its 
constituent  parts.  This 
process  of  decomposition 
by  the  voltaic  battery  is 
called  Eloctrolysis,  and 
the  substance  capable  of 
decomposition  is  known 
as  an  £/ociro/jrto. 

Thus,  water  is  composed  of  two 
How  may  gases,  oxygen  and 
wKtR  be  hydrc^en,  united  to- 

d«oDipoi«l^  ge,her.  when  the 
wires  connecting  the  poles  of  a 
galvanic  battery  are  placed  in 
water,  and  a  sufficiently  strong 
^*''  current  made    to    pass    through 

them,  the  water  is  decomposed.  Fig.  34*  represents  a  form  of  appa- 
ratus by  which  this  enperiment  can  be  performed  in  a  very  satisfactory 
manner.     It  consists  of  two  tubes,  O  and  H,  supported  vertically  in 
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a  small  reservoir  of  water,  and  two  slips  of  platinum,  /,  /,  which  can 
be  connected  with  the  poles  of  a  voltaic  battery,  passing  in  at  the  open 
end  of  the  tubes.  When  communication  is 
effected  between  the  platinum  slips  and  a  bat- 
tery in  action,  gas  rapidly  rises  in  each  tube, 
and  collects  in  the  upper  part.  In  that  tube 
which  is  in  connection  with  the  positive  pole  of 
the  battery,  oxygen  accumulates,  and,  in  the 
other,  hydrogen.  And  it  will  be  noticed  that 
the  quantity  of  the  latter  is  equal  to  twice  the 
quantity  of  the  former  gas,  since  water  contains  ^ 
by  volume  twice  as  much  hydrogen  as  it  does 
oxygen. 

The  explanation  of  this  phenomenon  may  be  briefly  given  as  fol- 
lows: All  atoms  of  matter  are  regarded  as  originally 
charged  with  either  positive  or  negative  electricity.     In   theory  of  the 
the  case  of  water,  hydrogen  is  the  electro-positive  ele-   decomposing 
ment,  and  oxygen  the  electro-negative  element     It  has    »ction  of 
been  already  shown  that  bodies  in  opposite  electrical    electricity? 
states  are  attracted  by  each  other.     Hence,  when  the 
poles  of  a  galvanic  battery  are  immersed  in  water,  the  negative  pole 
will  attract  the  positive  hydrogen,  and  the  positive  pole  the  negative 
oxygen.    If  the  attractive  force  of  the  two  electricities  generated  by 
the  battery  is  greater  than  the  attractive  force  which  unites  the  two 
elements,  oxygen  and  hydrogen,  together  in  the  water,  the  compound 
will  be  decomposed.    Upon  the  same  principle  other  compound  sub- 
stances may  be  decomposed,  by  employing  a  greater  or  less  amount  of 
electricity.     In  this  way  Sir  Humphry  Davy  made  the  discovery  that 
potash,  soda,  lime,  and  other  bodies  were  not  simple  in  their  nature,  as 
had  previously  been  supposed,  but  compounds  of  a  metal  with  oxygen. 

766.  Recent  experiments   have  shown  that  the  electricity  which 

decomposes,  and  that  which  is  evolved  by  the  decompo- 

sition  of,  a  certain  quantity  of  matter,  are  alike.     Thus*    quantity  of 

water  is  composed  of  oxygen  and  hydrogen :  now,  if  the    electricity  is 

electrical  power  which  holds  a  grain  of  water  in  combi-   necessary  to 

...  .        e  J  1.    J  decompose 

nation,  or  which  causes  a  gram  of  oxygen  and  hydrogen    ^  substance  ? 

to  unite  in  the  right  proportions  to  form  water,  could  be 

collected  and  thrown  into  a  voltaic  current,  it  would  be  exactly  the 

quantity  required  to  produce  the  decomposition  of  a  grain  of  water,  or 

the  liberation  of  its  elements,  oxygen  and  hydrogen. 
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767.  Electro-metallurgy,  or  electrotyping,  is  the  art 
or  process  of  depositing,  from  a  metallic 

What  is  ,^.  ,  ,        ,  r         1  . 

electro.  solution,  through  the  agency  of  galvanic 

metallurgy     electricity,  a  coating  or  film  of  metal  upon 
some  other  substance.* 

The  process  is  based  on  the  fact,  that  when  a  gal- 
vanic current  is  passed  through  a  solution 

Upon  what  '^  ^ 

is  the  pro-      of  somc   metal,  as   of  sulphate  of  copper 

cess  liased  ?/ii*  'i  1         *  '^         c  \j 

(sulphuric  acid  and  oxide  of  copper),  de- 
composition takes  place ;  the  metal  is  separated  in 
a  metallic  state,  and  attaches  itself  to  the  negative 
pole,  or  to  any  substance  that  may  be  attached  to  the 
negative  pole ;  while  the  oxygen  or  other  substance, 
before  in  combination  with  the  metal,  goes  to,  and  is 
deposited  on,  the  positive  pole. 

In  this  way  a  medal,  a  wood-engraving,  or  a  plaster  cast,  if  attached 
to  the  negative  pole  of  a  battery,  and  placed  in  a  solution  of  copper 
opposite  to  the  positive  pole,  will  be  covered  with  a  coating  of  copper ; 
if  the  solution  contains  gold  or  silver  instead  of  copper,  the  substance 
will  be  covered  with  a  coating  of  gold  or  silver  in  the  place  of  copper. 

The  thickness  of  the  deposit,  providing  the  supply 
of  the  metallic  solution  be  kept  constant,  will  depend 
on  the  length  of  time  the  object  is  exposed  to  the 
influence  of  the  battery. 

In  this  way,  a  coating  of  gold  thinner  than  the  thinnest  gold-leaf  can 
be  laid  on,  or  it  may  be  made  several  inches  or  feet  in  thickness  if 
desired. 

The  usual  arrangement  for  conducting  the  electrotype  process  is 
represented  by  Fig.  343.  It  consists  of  a  trough  of  wood,  or  an 
earthen  vessel,  containing  the  solution  the  decomposition  of  which  is 

*  The  general  name  of  electro-metallurgy  includes  all  the  various  processes  and 
results  which  difTerent  inventors  and  manufacturers  have  designated  as  galvano-plastic, 
electro-plastic,  galvano-type,  electro-typing,  and  electro-plating  and  gilding. 
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desired,  —  tot  example,  sulphate  of  copper.    Two  wires 
nected  with  the  positive  and  the  other  with  the  negativi 


Fig.  3(3. 

battery,  Q,  are  extended  along  the  top  of  the  trough,  and  supported  on 
rods  of  dry  wood,  B  and  D.  A  mold  of  the  medal  or  other  article  to 
be  coated  is  taken  in  wax  or  plaster  of  Paris,  and  attached  to  the 
negative  wire,  and  a  plate  of  metallic  copper  to  the  positive  wire. 
When  both  of  these  are  immersed  in  the  liquid,  the  action  commences : 
the  sulphate  of  copper  is  decomposed,  the  copper  being  deposited  on 
the  medal,  and  the  liberated  oxygen  on  the  copper  plate.  As  the 
withdrawal  of  the  metal  from  the  solution  goes  on,  the  copper  plate 
attached  to  the  positive  pole  undergoes  corrosion  by  the  sulphuric  acid 
which  is  liberated  and  attracted  to  it,  and  sulphate  of  copper  is  formed. 
This,  dissolving  in  the  liquid,  maintains  it  at  a  constant  strength. 
When  the  operator  judges  that  the  deposit  on  the  medal  is  suifieiently 
thick  he  removes  it  from  the  trough,  and  detaches  the  coating.  The 
deposit  is  prevented  from  adhering  to  the  medal  by  rubbing  its  surface 
in  the  first  instance  with  oi!  or  black-lead;  and,  if  it  is  desired  that 
any  part  of  the  surface  should  be  left  uncoated,  that  portion  is  covered 
with  wax,  or  some  other  non-conductor. 

In  this  way  a  most  perfect  copy  of  the  medal  is  obtained. 

The  pages  and  engravings  in  the  book  before  the  reader  are  illus- 
trations of  the  perfection  and  practical  application  of  the  electrotype 
process.  The  engravings  were  first  cut  upon  wood-blocks,  and  then, 
with  the  ordinary  type,  formed  into  pages.  Casts  of  the  whole  in 
pure  bees-wax  were  next  made,  and  an  electrotype  coating  of  Copper 
deposited  upon  Ihem ;  and  from  the  copper  plates  so  formed  the  book 
was  printed.    The  great  advantage  of  this  is,  that  the  copper,  being 
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harder  than  the  ordinary  type-metal,  is  more  durable,  and  resists  the 
wear  of  printing  from  its  surface  for  a  longer  period. 

The  improvement  effected  by  electro-metallurgy  in  engraving  is 
How  has  the  ^^^  great.  When  a  copper  plate  is  engraved,  and 
electrotype  impressions  printed  off  from  it,  only  the  first  few,  called 
process  "  proof  impressions,"  possess  the  fineness  of  the  engrav- 

*n  *ravfn  ?  ^^'*  delineation.  The  plate  rapidly  wears,  and  becomes 
deteriorated.  But  by  the  electrotype  process  the  origi- 
nal plate  can  at  once  be  multiplied  into  a  great  many  plates  as  good 
as  itself,  and  an  unlimited  number  of  the  finest  impressions  pro- 
cured. 

In  this  way  the  map  plates  of  the  Coast  Survey  of  the  United 
States,  some  of  which  require  the  labor  of  the  engraver  for  years,  and 
cost  thousands  of  dollars,  are  reproduced,  —  the  original  plate  being 
never  printed  from. 

One  of  the  simplest  illustrations  of  metallic  deposit  by  electro- 
chemical action  is  afforded  by  the  following  experiment :  Put  a  piece 
of  silver  in  a  glass  containing  a  solution  of  sulphate  of  copper,  and 
into  the  same  glass  insert  a  piece  of  zinc.  No  change  will  take  place 
in  either  metal  so  long  as  they  are  kept  apart ;  but  as  soon  as  they 
touch,  the  copper  will  be  deposited  upon  the  silver,  and  if  it  be 
allowed  to  remain,  the  part  immersed  will  be  completely  covered  with 
copper,  which  will  adhere  so  firmly  that  mere  rubbing  alone  will  not 
remove  it. 

768.  When  two  metals  which  are  positive  and 
How  does      negative    in   their   electrical   relations   to 

the  union  of  each  othcr  are  brought  in  contact,  a  gal- 
two  metals  , 

affect  their  vanic  action  takes  place  which  promotes 
durabihty  chcmical  change  in  the  positive  metal,  but 
opposes  it  in  the  negative  metal. 

Thus,  when  sheets  of   zinc  and  copper  immersed  in  dilute  acid 

uru  «.  touch  each  other,  the  zinc  oxidizes  or  rusts  more,  and 

wnat  are 

illustrations  the  copper  less,  rapidly,  than  without  contact.  Iron  nails, 
of  this  if   used  in  fastening  copper  sheathing  to  vessels,  rust 

pnncip  e  much  quicker  than  when  in  other  situations  not  in  con- 

tact with  the  copper.  The  reason  is,  fhat  the  contact  of  the  two 
metals  excites  galvanic  action,  which  causes  the  iron  to  rust  speedily, 
but  protects  the  copper. 
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What  is   called   galvanized   iron  is  iron   covered 
entirely,  or  in  part,  with  a  coating  of  zinc.  ^^  ^^^ 
The  galvanic  action  between  the  two  oxi-  pivanued 
dizes  the  zinc,  but  protects  the  iron  from 
rust. 

Copper,  when  immersed  in  sea-water,  rapidly  wastes  by  the  chemi- 
cal action  of  the  oxygen  dissolved  in  sea-water ;  but  if   How  did 
it  be  brought  in  contact  with  zinc,  or  some  metal  that  is    Davy  at- 
more  electro-positive  than  itself,  the  zinc  will  undergo  a   **"1^*^*?|^ 
rapid  change,  and  th^  copper  will  be   preserved.     Sir   sheathing  of 
Humphry  Davy  attempted  to  apply  this  principle  to  the    ships  from 
protection  of  the  copper  sheathing  of  ships,  by  placing    corrosion  ? 
at  intervals  over  the  copper  small  strips  of  zinc.    The  experiment  was 
tried,  and  a  piece  of  zinc  as  large  as  a  pea  was  found  adequate  to  pre- 
serve forty  or  fifty  square  inches  of  copper ;  and  this  wherever  it  was 
placed,  whether  at  the  top,  bottom,  or  middle  of  the  sheet,  or  under 
whatever  form  it  was  used.    The  value  of  the  application  was,  how- 
ever, neutralized  by  a  consequence  which  had  not  been  foreseen.    The 
protected  copper  bottom  rapidly  acquired  a  coating  of  sea-weeds  and 
shell-fish,  whose  friction  on  the  water  became  a  serious  resistance  to 
the  motion  of  the  vessel ;  and  it  was  discovered  that  the  bitter,  poison- 
ous taste  of  the  copper  surface  when  corroded  acted  in  preventing 
the  adhesion  of  living  objects.    The  principle,  however,  has  been 
applied  with  success  to  protect  the  iron  pans  used  in  evaporating  sea- 
water. 
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THERMO-ELECTRICITY. 

769.  If  two  dissimilar  metallic  bars  be  soldered 
together,  and  heated  at  the  point  of  junc- 
thermo-  tion,  an  electric  current  will  circulate 
electricity  through  them,  and  may  be  carried  off  by 
connection  with  any  good  conductor.  Electricity 
thus  generated  or  developed  is  called  Thermo-EleO' 
tricity,  inasmuch  as  heat  is,  under  the  conditions 
named,  transformed  into  electricity. 

Thus,  if  two  bars,  one  of  German  silver  and  the  other  of  brass,  as 

represented  in  Fig.  344  (the  dark  one  being  the 
brass),  be  heated  at  their  junction,  an  electric  cur- 
rent will  flow  in  the  direction  of  the  arrows  from 
_  the  German  silver  to  the  brass. 

Different  degrees  of  temperature,  also,  in  the 
same  metal,  will  occasion  an  electric  current  to  flow  from  the  colder 
to  the  warmer  portions. 

The  properties  of  thermo-electricity  are  the  same 
as  those  of  ordinary  electricity. 

The  metals  best  adapted  for  showing  its  effects 
are  German  silver,  bismuth,  brass,  iron,  and  anti- 
mony. 

Thermo-electric  batteries  of  considerable  power  may  be  constructed 
by  combining  together  alternate  plates  of  German  silver  and  brass,  or 
482 
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bismuth  and  antimony,  thick  cards  of  pasteboard  being  so  placed  be- 
tween the  plates  that  a  contact  of  the  metals  is  prevented    „ 

^  1        r.     1       f  ^  1     -r^.       How  are 

except  at  the  ends.     Such  a  battery,  represented  by  Fig.    thcrmo- 

345,  may  be  made  to  develop  electricity  by  heating  one    electric 

end  of  the  bundle,  or  pile  of  plates.    The  electro-motive    ^»**«"C8 

.  constructed  ? 

force  generated  by  a  thermo-electric  battery  is  small. 

By  binding  together  two  bars  of  bismuth  and  antimony,  an  electric 
current  can  be  proved  to  circulate  with  the  slight- 
est variation  of  temperature. 

A  series  of  slender  bars  of  these  two  metals, 
arranged  as  a  thermo-electric  battery,  is  far  more 
sensitive  to  heat  than  the  most  delicate  thermom- 
eter; so  that  the  heat  radiated  from  the  hand 
brought  near  to  one  end  of  the  battery  is  sufficient 
to  excite  an  appreciable  amount  of  electricity. 

Fig.  346  represents  the  construction  of  such  a  battery,  which  is 

known  as  a  thermo-electric  pile.  It 
consists  of  thirty-six  delicate  bars  of 
bismuth  and  antimony,  alternately  con- 
nected at  their  extremities  and  packed 
in  a  case,  the  ends  of  which  are  re- 
moved in  the  figure  to  show  the  bars. 
The  area  of  such  a  battery  is  not  quite 
one-half  an  inch.  A  represents  a  coni- 
cal reflector,  used  to  concentrate  rays  of  heat  in  experimenting. 

It  has  also  been  found  that  when  hot  water  mixes  with  cold  water, 
electricity  is  produced;  the  hot  liquor  being  positive,  and  the  cold 
negative. 


Fig.  345. 


Fig.  346. 
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ELECTRO-MAGNETISM. 

770.  Magnetism  developed  through  the  agency 
What  is  of  electrical  or  chemical  action  is  termed 
„:;«'«.«,    Efectro-Magnetism. 

Among  the  earliest  phenomena  observed  which  indicated  a  con- 
nection between  magnetism  and  electricity,  it  was  noticed  that  ships' 
compasses  have  their  directive  power  impaired  by  lightning,  and  that 
sewing-needles  are  rendered  magnetic  by  electric  discharges  passed 
through  them. 

In  1820  a  discovery  was  made  by  Professor  Oersted  of  Denmark, 
What  effect  which  established  beyond  a  doubt  the  connection  of 
is  produced  electricity  and  magnetism.  He  ascertained  that  a  mag- 
when  a  netic  needle,  brought  near  to  a  wire  through  which  an 
need?e  i^  electric  current  was  circulating,  was  compelled  to  change 
brought  near   its  natural  direction,  and  that  the  new  direction  it  as- 

a  conduct-       sumed  was  determined  by  its  position  in  relation  to  the 
ins  wire  ?  j        r 

wire,  and  to  the  direction  of  the  current  transmitted 

along  the  wire. 

Further  experiments  developed  the  following  law :  — 

Electric  currents  exert  a  magnetic  influence  at 
In  what  right  angles  with  the  direction  of  their 
electric**  ^  Aow  ;  and,  when  they  act  upon  a  magnetic 
currents        nccdlc,  thcv  tend  to  cause  the  needle  to 

exert  their  '  •' 

influence?      assumc  a  position  at  right  angles  to  the 
direction  of  the  current. 

Thus,  suppose  an  electric  current  to  pass  on  the  wire  S  N,  Fig.  347, 
484 
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in  the  direction  of  the  arrow ;  suppose  a  magnetic  needle,  a  ^,  to  be 

placed  directly  under  the  wire  and  parallel  to  it.    By  the  action  of  the 

electric  current  flowing  in  the 

direction  S  N,  the  needle  is 

caused  to  move  from  its  north 

and  south  position,  and  turn 

round;  and,  if  the  current  is 

sufficiently  strong,  it  will  place 

itself  at  right  angles  with  the 

wire,  as  is  represented  in  the 

figure. 

If  the  current,  however,  had 
passed  in  the  same  #rection 
below  the  needle,  instead  of 
above  it  as  in  the  first  instance, 
the  deflection  of  the  needle  would  have  taken  place  as  before,  but  in 
an  opposite  direction,  the  pole  a  standing  where  the  pole  b  did  pre- 
viously, and  b  also  in  the  place  of  a.  Thus  the  influence  of  the  cur- 
rent, just  as  magnetic  force,  extends  to  the  space  around  it. 

In  like  manner,  if  the  needle  be  placed  by  the  side  of  the  wire,  a 
like  effect  will  be  produced;  on  one  side  it  dips  down,  and  on  the 
other  it  rises  up ;  and,  in  whatever  other  position  the  needle  may  be 
placed,  it  will  always  tend  to  set  itself  at  right  angles  to  the  current. 

If  the  wire  be  bent  in  the  form  of  a  rectangle, 
as  is  represented  in  Fig.  348,  so  as  to  carry  the 
current  around  the  needle,  above  and  below  it 
in  opposite  directions,  the  opposite  currents, 
instead  of  neutralizing,  will  assist  each  other, 
and  the  needle  will  move  in  accordance  with 
the  first  direction  of  the  current. 

If  the  wire,  instead  of  making  a  single  turn, 
is  bent  many  times  around  the  needle,  the 
magnetic  force  excited  by  the  current  of  elec- 
tricity traversing  the  wire  will  be  greatly  in- 
creased, the  increase  being,  within  certain  limits,  proportional  to  the 
number  of  turns  of  the  wire. 

771.  It  is  on  this  principle  that  an  instrument  called  the  Ga/vanom- 
eter,  for  measuring  the  quantity  of  an  electric  current.    Explain  the 
is  constructed.  construction 

It  consists  of  a  coil  of  wire,  Fig.  349,  containing  from  °'  ****  galva- 
thirty  to  thirty  thousand  convolutions,  the  separate  coils 


Fig.  348. 
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being  insulated  by  winding  the  wire  with  silk  thread.  The  thread  i 
lupports  two  needles,  one  placed  above  a  graduated  scale,  the  other 
within  the  coil.  They  are  connected  so  as  to  move  together,  and  have 
their  poles  in  opposite  directions.  By  this  arrangement,  known  as  the 
txtla/ic  systim,  the  influence  of  ihe  earth's  magnetism,  which  tends  to 
hold  the  needle  in  its  original  position,  is  almost  entirely  removed,  and 
the  force  of  the  transmitted  current  is  rendered  more  effective. 


By  means  of  the  galvanometer,  the  most  feeble  traces  of  electricity 
an  be  detected;  and  electric  currents  which  would  fait  to  inflaence 


d-leaf  electrometer  can  be  made  to  affect  per- 
ceptibly the  naagnetic  needle.  Galvanometers  are  sometimes  called 
dtctro-multiplUrs. 

772,  Electricity,  unlike  a!l  other  motive  forces  in 
Id  what  nature,  exerts  its  magnetic  force  laterally  : 
MBieetrie"  *'l  Other  forces  exerted  between  two  points 
^'^•■oetK  ^*^'- '"  ^^  direction  of  a  straight  line  con- 
force?  necting  their  points,  but  the  electric  cur- 
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rent  exerts  its  magnetic  influence  at  righc  angles  to 
the  direction  of  its  course. 

When  a  magnetic  pole  is  influenced  by  an  electric 
current,  it  does  not  move  either  directly  toward  or 
directly  from  the  conducting  wire,  but  it  tends  to 
revolve  about  it. 

By  the  application  of  these  facts,  it  has  been  discovered  that  rota- 
tory movements  can  be  produced  by  magnets  around  conducting  wires, 
and,  conversely,  that  conducting  wires  can  be  made  to  rotate  around 
magnets. 

The  rotation  of  the  pole  of  a  magnet  around  a  fixed  conducting 
wire  may  be  shown  by  a  piece  of  apparatus  represented  by  Fig.  35a 
A  small  magnet,  N,  is  fixed  to  the  lower  part  of  a  vessel,  V, 
by  means  of  a  silk  thread ;  the  vessel  is  filled  with  mercury 
nearly  to  the  top  of  the  magnet ;  C  is  a  conducting  wire 
dipping  into  the  mercury,  and  Z  is  another  conductor  com- 
municating with  the  mercury  at  the  bottom  of  the  vessel. 
Now,  when  the  electric  current  is  established  by  connect- 
ing the  extremities  of  the  wires  C  and  Z  with  the  opposite 
poles  of  the  battery,  the  pole  N  of  the  magnet  revolves 
round  the  conducting  wire  C.  If  the  current  is  descending, 
that  is,  if  C  be  connected  with  the  positive  pole  of  the  bat- 
tery, and  if  N  be  a  north  pole,  its  motion  round  the  wire  will  be  direct, 
that  is,  in  the  direction  of  the  hands  of  a  watch ;  and  so  on,  vice  versa. 

On  similar  principles,  various  kinds  of  reciprocating  and  rotatory 
movements  may  be  produced. 

773.  If  a  piece   of  soft  iron,  entirely  wanting   in 
magnetism,  be  placed  within  a  coil  of  wire  in  what 
through  which  an  electric  current  is  circu-  Isoelectric" 

current  be 
made  to 
excite  mag- 
netism ? 


Fig.  350. 


^ 


Fig.  351. 


Oo 


lating,  it  will  be  rendered  intensely  magnetic  so  long 
as  the  current  continues  ;  but  the  moment  the  current 
ceases,  the  iron  loses  its  magnetism.     (Fig.  351.) 
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^  Magnets  formed  in  this  way,   through 

an  electro,  the  agency  of  the  electric  current,  are 
magnet  called  e/ecfpo^magnefs,  and  are  more  power- 
ful than  any  others. 

The  coil,  or  spiral  line  of  wire,  used  for  exciting 
What  is  magnetism  in  the  iron  by  conducting  a 
a  helix?  current  of  electricity  about  it,  is  called 
a  he/ix,  or  so/enoid. 

It  is  usually  made  of  copper  wire,  coated  with  some  non-conducting 
substance,  such  as  silk  wound  round  it.  The  coils  of  the  wire  are 
generally  repeated  one  over  the  other,  until  the  size  of  the  helix  is 
sufficient ;  since  the  magnetic  action  of  an  electric  current  upon  a  bar 
of  iron  increases  to  a  certain  extent  with  the  number  of  revolutions  it 
performs  about  it. 

It  is  necessary  for  the  induction  of  magnetism  in 
iron  bars  by  electricity,  that  the  current  should  flow 
at  right  angles  to  the  axis  of  the  bars. 

If  the  bar  be  steel,  some  part  of  the  magnetism 
What  deter-  ^^^^  induccd  wiU  bc  permanent ;  and  the 
mines  the  direction  in  which  the  current  moves  round 
electro-  the  hcHx  determines  which  of  its  extremi- 

magnet?        ^j^^  gj^^|j  ^Qng^itute  its  north,  and  which 

its  south  pole. 

When  the  current  circulates  in  the  direction  of  the  hands  of  a 
watch,  the  north  pole  of  the  bar  will  be  at  the  farthest  end  of  the 
helix. 

A  rod  of  soft  iron  when  magnetized  by  a  strong  current  will  give  a 
sound,  but  only  at  the  moment  the  current  is  closed  or  opened.  It  is 
attributed  to  the  movement  of  the  molecules  in  the  body  of  the  iron. 

A  bar  of  iron,  though  not  changed  in  bulk,  lengthens  when  mag- 
netized by  a  current  of  electricity.  This  is  also  attributed  to  a  mo- 
lecular movement. 

If  a  bar  of  soft  iron,  bent  in  the  form  of  a  horse-shoe  magnet,  be 
wound  with  insulated  wire,  as  is  represented  in  Fig.  352,  and  a  cur- 


ELECTRO-MAGNETISM.  489 

rent  of  electricity  trsnsmitled  through  it,  it  becomes  a  most  powerfu] 
magnet. 

Electio-magnets  of  this  character  have  been  fonned  capable  of 
supporting  more  than  a  ton 
weight.  The  magnetic  power 
thus  developed  is  wholly  de- 
pendent upon  the  existence  of 
the  current,  and  the  moment 
it 'ceases  the  weights  fall  away 
by  the  action  of  gravity. 

A  rod  of  iron  brought  near 
to  one  of  the  extremities  of  a 
longitudinal  helix  is  not  only 
attracted,  but  lifted  up  into 
the  center  of  the  coil,  where 
it  remains  suspended  without 
contact  or  visible  support,  so 
long  as  the  current  continues 
in  action.  If  the  battery  and 
helix  be  of  sufficient  size,  a 
considerable  weight  may  be 
suspended.  In  some  experi- 
ments at  the  Smithsonian  In- 
stitution at  Washington,  a  few 
years  since,  a  bar  of  iron 
weighing  eighty  pounds  was  ! 
raised  and  suspended  in  the 
air  without  being  in  contact  „ 

with  any  body. 

774  Many  attempts  have  been  made  to  take  ad- 
vantage of  the  enormous  force  generated  H»et«:tri>- 
and  destroyed  in  an  instant,  by  making  or  ^^beoi 
breaking  an  electric  current,  for  propelling  Jl^y'^^^^ 
machinery  ;   but  thus  far  all  efforts  have  i 


Fig.  353  shows  a  machine  of  this  kind.     Fixed  on  an  iron  frame  X, 
re  four  electro-magnets,  A  B  C  D,  between  which  revolve  two  iron 
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wheels  with  eight  soft'iron  annatutes,  M,  on  their  circamferences.  On 
passing  an  electric  cunent  into  the  magnets  by  means  of  the  wire,  E, 
the  armatures  are  successively  attracted  by  the  magnets,  and  revolve 
as  a  system.  When  a  bar  reaches  the  poies  oE  the  magnet  which 
attracts  it,  the  current  is  interrupted,  the  magnet  becomes  inactive,  and 


ita.  3Si- 

the  bar  is  carried  on  by  its  acquired  momentum,  to  be  attracted  by  the 
next  magnet.  In  this  way  the  bars  are  never  pulled  back.  The  power 
thus  generated  may  be  applied  to  run  a  machine,  but  is  too  expensive 
to  be  generally  used,  being  estimated  to  cost  sixty  times  more  than 
a  steam-engine  of  the  same  power. 
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775.  The  construction  of  the  Morse  magnetic  tele- 
graph depends  upon  the  principle  that  a  upon  what 
current  o£  electricity,  circulating  about  a  ^H^ciion 
bar  of  soft  iron,  temporarily  renders  it  oitheMor** 
a  magnet.  depend  ? 

The  consiruction  and  method  of  operating  the  Moise  telegraph 
nay  be  clearly  understood  by  reference  to  Fig.  354.  Tno  pieces  of 
soft  iron  sur- 
rounded by 
coils  of  wire 
are  connected 
with  wires  pro- 
ceeding from  a 
galvanic  bat- 
tery.     When 


from  a  battery  Fie,  ^^_ 

two,  or  three  hundred  miles  distant,  as  the  case  may  be,  it  passes 
along  the  wires,  and  through  the  coils  surrounding  the  pieces  of 
soft  iron,  thereby  converting  them  into  magnets.  Above  these  pieces 
of  soft  iron  is  a  metallic  bar  01  lever,  irt,  supported  in  ils  center, 
and  having  al  one  end  an  armature  of  iron,  and  at  the  other  a 
small  steel  point,  x.  A  ribbon  of  paper,  a  i,  is  drawn  slowly  and 
steadily  oS  by  a  train  of  clock-work  moved  by  the  action  of  a  weight. 
This  clock-work  gives  motion  to  two  metal  rollers,  between  which  ihe 
ribbon  of  paper  passes,  and  which,  turning  in  opposite  directions, 
draw  the  paper  from  the  cylinder.  The  roller  i  has  a  groove  around 
its  circumference  (not  represented  in  the  engraving),  above  which  the 
paper  passes.  The  steel  point  x  of  the  lever  is  also  directly  opposite 
this  groove.  The  spring  r  prevents  the  point  from  resting  upon  the 
paper  when  the  telegraph  is  not  in  operation. 

The  manner  in  which  inlelligence  is  communicated  by  these  arrange- 
ments is  as  follows  :  The  pieces  of  soft  iron,  being  rendered  magnetic 
by  the  passage  of  a  current  of  electricity  transmitted  from  the  battery 
through  the  coils  of  wire  surrounding  them,  attract  the  metal  arm  m 
of  the  lever.  The  end  of  the  lever  at  m  being  depressed,  the  steel 
point  X  at  the  other  extremity  is  elevated,  and  caused  to  press  against 
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the  paper  ribbon  and  indent  it.  When  the  current  from  the  battery  a 
broken  or  interrupted,  the  pieces  of  soft  iron,  being  no  longer  mag- 
netic, cease  to  attract  the  arm  m.  The  lever  is  iheiefore  drawn  back 
to  its  former  position  by  the  action  of  the  spring  r,  and  the  steel  point 
X  ceases  to  indent  the  paper.  By  letting  the  current  flow  round  the 
magnet  for  a  longer  or  shorter  time,  a  dot  or  a  line  is  made;  and  the 
telegraphic  alphabet  consists  of  a  series  of  such  marks.* 


The  electric  current  is  so  weakened  in  traveling  through  a  corsid- 
What  Ib  etable  length  of  wire,  as  to  be  insufficient  in  strength  to 

the"re[By"  print  the  dispatch  which  it  transmits.  It  is  therefore 
InBtmment  t  necessary  to  introduce  a  new  current  which  may  be  reg- 
ulated by  the  primary  current,  and  be  employed  solely  to  furnish  the 


•  The  following  table  ei 
ALPHABET. 


?  employed  to  repreKnl  letters 


NUMERALS. 


srstGmd  the  mcouge  merely  fiua  the 
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power  to  print  the  characters.  This  is  accomplished  by  means  of  what 
is  called  a  **  relay  "  instrument,  shown  in  Fig.  355.  In  this,  the  current 
from  the  transmitting  battery  enters  at  L,  passes  into  the  electro-mag- 
nets E,  and  passes  off  by  means  of  the  ground-wire  T.  Through  the 
action  of  this  current  the  armature  A  is  attracted,  and  the  lever  / 
presses  against  the  button  »,  thus  allowing  a  new  current  from  a  local 
battery  to  enter  at  r,  pass  through  the  lever  /,  and,  by  means  of  the 
wire  Zf  enter  the  electro-magnet  of  the  indicator,  and  so  furnish  an 
additional  amount  of  force  sufficient  to  work  the  lever  tn  n.  Fig.  354, 
independent  of  the  main  current. 

Formerly  two  wires  were  required  in  telegraphing ;  one  conveyed 

the  current  from  the  battery  to  the  electro-magnet  at  a    „ 

How^  many 
distance,  through  which  it  passed,  and  then  returned  by    wires  are 

another  wire  back  to  the  battery.    At  present  but  one    necesftary  for 

wire  is  generally  used.     It  was  found  that  the  earth   working  the 

telegraph  ? 
itself  might  be  made  to  perform  the  function  of  the 

returning  wire.  To  effect  this,  all  that  is  necessary  is  that  one  short 
wire  from  the  battery  at  one  end  of  a  line,  and  from  the  electro-magnet 
at  the  other  end,  should  be  sunk  into  the  moist  earth,  and  there  con- 
nected with  a  mass  of  conducting  metal,  from  which  the  electricity 
passes  to  complete  the  closed  circuit. 

For  interrupting  the  current,  and  regulating  the  system  of  dots  and 

lines,   an    instrument 

,,   J    ^ ,  .       ,  *         Describe  the 

called  the  signal-key   .ig^ai-key. 

or  break -piece,  Fig. 
356,  is  employed.  The  operator,  by 
pressing  down  the  knob  x,  brings  the 
two  platinum  wires,  at  /,  into  contact, 
closing  the  circuit,  and  allowing  the 
current  to  pass ;  but  when  the  press- 
ure is  removed,  communication  is  interrupted.  The  knob^  serves  to 
close  the  circuit  after  the  message  is  sent. 

yy6.  In  what  is  known  as  the  BaiUy  or  chemical 
telegraphy  there  is  no  magnet  created ;  but  ^^^^  .^  ^j^^ 
a  small  steel  wire,  connected  with  the  wire  construction 
from  the  line,  presses  upon  a  roll  of  paper  chemical 
moved  by  clock-work.     This  paper,  before  **^®«"p**  ^ 
being  coiled  on  the  roller,  has  been  dipped  in  a  nearly 
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colorless  chemical  solution,  which  becomes  colored 
when  an  electric  current  passes  through  it.  By 
sending  a  current  through  the  wire  resting  on  the 
paper,  we  can  stain  it,  as  it  were,  in  dots  and  lines, 
in  the  same  manner  as  the  last  instrument  embossed 
it  in  dots  and  lines. 

TTT,  The   House' Sy   or  printing  telegraphy   differs 

What  is  the    ^^^"^  ^^  othcrs  principally  in  an  arrange- 
printing         ment  whereby  the  message  as  transmitted 
e  egrap         .^  printed  in  ordinary  letters,  at  the  rate 
of  two  or  three  hundred  a  minute. 

778.  The  method  first  proposed  for  communicat- 
what  was      ing  intelligence  by  electricity  was  by  de- 

the  first  tele-    n      ^*  11        1 

graphic  nectmg  a  compass-needle  by  causmg  a 
"^o^^sed?       current  to  pass  along  its  length. 

Thus,  if  at  a  given  point  we  place  a  galvanic  battery,  and  at  a  hun- 
dred miles  from  it  there  is  fixed  a  compass-needle,  between  a  wire 
brought  from  and  another  returning  to  the  battery,  the  needle  will 
remain  true  to  its  polar  direction  so  long  as  the  wires  are  free  from  the 
excited  battery ;  but,  the  moment  connection  is  made,  the  needle  is 
thrown  at  right  angles  to  the  direction  of  the  current.  The  motion  of 
the  needle  may  thus  be  made  to  convey  intelligence. 

An  instrument  of  this  construction  is  still  employed  on  the  ocean- 
cable.  The  current  of  electricity  deflects  a  needle  which  bears  on  its 
extremity  a  small  mirror.  On  this  mirror  a  beam  of  light  is  thrown, 
which  is  reflected  on  to  a  screen ;  and  by  means  of  the  movement  of 
the  spot  of  light  on  the  screen  the  messages  are  read. 

It  is  necessary,  in  conveying  the  wires  from  point  to  point,  to  sup- 
port them  on  the  poles  by  glass  or  earthen  cylinders,  in  order  to  insure 
insulation :  otherwise  the  electricity  would  pass  down  a  damp  pole  to 
the  earth,  and  be  lost. 

By  means  of  what  is  known  as  the  quadruplex  instrument,  foar 
messages  may  be  sent  over  the  same  wire  at  the  same  time. 

779.  The  idea  that  many  persons  have,  that  some  substance  passes 
along  the  telegraphic  wires  when  intelligence  is  transmitted,  is  wholly 
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erroneous ;  the  word  "  current/*  as  something  flowing,  expresses  a  false 
idea,  but  we  have  no  other  term  to  express  electrical    jy^^  ^ny 
progression.     We  may,  however,  gain  some  idea  of  what    principle  or 
really  takes  place,  and  of  the  nature  of  the  influence    Influence 
transmitted,  by  remembering  that  the  earth  and  all  sub-   SJe  wires^ 
stances  are  reservoirs  of  electricity ;  and  if  we  disturb   when  a  mes- 
this  electricity  at  any  given  point,  as  at  Washington,    s*K«  i«  corn- 
its  pulsations  may  be  felt  at  New  York.    Suppose  the 
telegraphic  wire  a  tube  extending  from  Washington  to  New  York  per- 
fectly filled  with  water :  now,  if  one  drop  more  is  forced  into  the  tube 
at   Washington,  a  drop  must  fall  out  at  New  York,  but  no  drop  is 
caused  to  pass  from  Washington  to  New  York.     Something  like  this 
occurs  in  the  transmission  of  electricity. 

780.  Electricity,  through  an  electro-magnetic   ar- 
rangement, can  be  made  available  for  the  can  eiectri- 
measurement  of  time,  and  by  its  agency  a  t©  roea8™*e^ 
great  number  of  clocks  can  be  kept  in  a  *»««? 
state  of  uniform  correctness. 

The  plan  by  which  this  is  accomplished  is  substantially  as  follows : 
A  battery  being  connected  with  a  principal  clock,  which  is  itself  con- 
nected by  means  of  wires  with  any  number  of  clocks  arranged  at  a 
distance  from  each  other,  has  the  current  regularly  and  continually 
broken  by  the  beating  of  the  pendulum.  This  interruption  is  also 
experienced  by  all  the  clocks  included  in  the  circuit ;  and,  in  accord- 
ance with  this  breaking  and  making  of  contact,  the  indicators  or 
hands  of  the  clock  move  over  the  dial  at  a  constantly  uniform  rate. 

781.  The  fundamental  law  of  action  in  frictional  electricity  is,  that 
bodies  charged  with  like  electricities  at  rest  repel,  and 
with  unlike  attract,  each  other.     With  electricity  in  mo-    action  of 
tion  the  case  is  somewhat  different,  since  currents  of  the    electrical 
same  electricity  moving  in  the  same  direction  attract   currents 
each  other.    The  general  law  of  this  action  may  be    ©fh^f  p**^ 
stated  as  follows:  — 

If  electric  currents  flow  in  wires  parallel  to  each 
other,   and   have   freedom  of  motion,  the  what  is  the 
wires  are  immediately  disturbed.     If  the  o'^th^s^**"^ 
currents  are  moving  in  the  same  direction,  action  ? 
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the  wires  attract  each  other ;  if  they  are  moving  in 
opposite  directions,  they  repel  eaqh  other;  or,  like 
currents  attract,  and  unlike  repel. 

782.  When  the  wires  connecting  the  positive  and 
How  may  a  i^^g^tive  poles  of  a  galvauic  battery  in 
helix  be  con-  actiou  are  coiled  in  the  form  of  a  helix, 
a  magnetic  the  helix  bccomes  possessed  of  magnetic 
needle?  properties.  If  such  a  helix  be  suspended 
in  a  horizontal  plane,  it  points  as  a  magnetic  needle 
would,  north  and  south ;  if  it  is  suspended  so  as  to 
move  in  a  vertical  plane,  it  acts  as  a  dipping-needle. 

If  two  helices  carrying  currents  are  presented  to  each  other,  they 
attract  and  repel,  precisely  as  if  they  were  magnets,  according  as  like 
or  unlike  poles  are  brought  together.  And,  in  short,  all  the  properties 
of  the  magnetic  needle  may  be  imitated  by  a  helix  carrjang  a  current. 

783.  From  these  and  other  like  phenomena,  M.  Ampere  has  pro- 
What  is  pounded  a  theory  which  accounts  for  nearly  all  the  phe- 

Amp^re's         nomena  of  terrestrial  magnetism, 
theory  of  He  supposes  that  all  magnetic  phenomena  are  the 

magne  ism  result  of  the  circulation  of  electrical  currents.  Every 
molecule  of  a  magnet  is  considered  to  be  surrounded  with  an  atmos- 
phere of  electricity,  which  is  constantly  circulating  around  it;  the 
difference  between  a  magnet  and  a  mere  bar  of  iron  being,  that  the 
electricity  which  exists  equally  in  the  iron  is  at  rest,  whereas  in 
the  magnet  it  is  in  motion.  The  direction  of  these  currents  circulating 
in  a  magnet  is  dependent  upon  the  position  in  which  the  magnet  is 
held.  If  the  opposite  or  unlike  poles  of  two  magnets  be  placed  end  to 
end,  the  electric  currents  of  each  will  be  found  running  the  same  way ; 
and,  as  currents  moving  in  the  same  direction  attract  each  other,  the 
two  poles  will  tend  to  come  together.  On  the  contrary,  if  the  ends  of 
like  poles  be  presented,  the  course  of  the  currents  traversing  each  will 
be  in  opposite  directions,  and  a  repulsion  will  result. 

.  784.  As    an    electric    current    passing 

magneto-       round  the  exterior  of  a  bar  of  soft  iron 

electricity?        .      ,  ^«  •       •.  .-, 

niduces  magnetism  in  it,  so,  on  the  con- 
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trary,  a  magnetized  bar  is  able  to  generate  an  elec- 
tric current  in  a  conducting  wire  surrounding  it. 

Electricity  thus  produced  by  the  agency  of  a  mag- 
net is  called  magnato-ehctricity. 

This  may  be  shown  by  introducing  one  of  the  poles  o£  a  powerful 
bar  magnet  within  a  helix  of  fine  insulated  wire  (see  Fig.  357),  the 
ends  of  which  are  connected  with  a  delicate  galvanometer.  The 
deflection  of  the  needle  will  indicate  the  flow  of  an  electric  current 
every  time  the  mi^et  enters  or  leaves  the  coil,  —  the  direction  of  the 
current  changing  with  the  poles  entered. 


The  same  results  will  be  obtained,  if,  instead  of  introducing  and 
removing  a  permanent  steel  magnet,  we  continually  change  the  polarity 
of  a  soft  iron  bar. 

To  instruments  constructed  on  these  principles  the 
name  of  magneto-electric  machines  is  given. 

Wbmt lithe  785.  Magneto^^Iectric  machines,  arranged  for  devel- 

KCDCT*!  con-  oping  electricity  by  the  re-action  of  a  magnet,  are  con- 

^'rt"."'  slrucled  in  a  great  variety  of  forms.     In  some,  perma- 

decthc  nent  steel   magnets    are    used ;    in    olher.'i,   temporary 

BMchlnnP  soft'iron  Ones,  brought  into  activity  by  a  galvanic  cur- 
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Fig.  3s8. 


rent.    A  common  form  of  magneto-electric  machine  is  represented  in 

Fig.  3S8- 

It  consists  of  a  compound  horseshoe  magnet,  S,  Fig.  358,  bolted  to 
a  mahogany  stand  arranged  in  such  a  manner  that  an  electro-magnet, 

or  armature,  A  B,  mounted 
on  an  axis,  revolves  in  front 
of  its  poles,  by  turning  a  mul- 
tiplying wheel,  W.  This  elec- 
tro-magnet, or  armature,  con- 
sists of  two  cores  of  soft  iron 
wound  about  with  fine  insu- 
lated copper  wire.  The  ends 
of  the  wire  in  these  coils  are 
kept  pressed,  by  means  of 
springs,  against  a  good  con- 
ducting metal  plate,  which  in 
turn  is  connected  by  wires  with  the  screw-caps  at  the  end  of  the  base 
board.  When  the  iron  cores  or  axes  of  the  coils  are  in  front  of  the 
poles  of  the  magnet,  they  become  magnetic  by  induction.  This  sets 
in  motion  the  natural  electricity  of  the  coil,  or  helices,  which  flows  in 
a  certain  direction,  and  is  conveyed  through  the  springs  and  wires  to 
the  screw-caps. 

If  the  armature  be  turned  half  round,  the  magnetism  of  the  iron 
is  reversed,  and  a  second  current  is  excited  in  the  opposite  direc- 
tion. 

By  turning  the  armature  very  rapidly,  a  constant  current  passes 
What  effects  through  the  wires ;  and  by  connecting  a  small  piece  of 
platinum  wire  in  the  circuit,  it  is  rapidly  rendered  red 
hot.  By  conveying  connecting  wires  from  the  magneto- 
electric  machine  into  acidulated  water,  its  decomposi- 
tion is  effected ;  and  many  chemical  compounds  may  in 
like  manner  be  resolved  into  their  ultimate  constitu- 
ents. Machines  also  of  this  character  may  be  used  for  electro-plat- 
ing. 

The  effects  of  electricity  thus  generated,  on  the  human  system,  are 
peculiar.  If  the  two  handles  connected  with  the  screw-caps  of  the 
machine  are  grasped  by  the  hands,  slightly  moistened,  and  the  arma- 
ture is  made  to  revolve  rapidly,  the  muscles  are  closed  so  firmly  that 
the  handles  can  not  be  dropped,  and  most  powerful  convulsive  shocks 
are  sent  through  the  arms  and  body. 


may  be  pro- 
duced by  the 
action  of 
electro- 
magnetic 
machines  ? 
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786.  Whenever  an  electric  current  flows  through  a 
wire,  it  excites  another  current  in  an  oppo-  cmnoneei«- 
site  direction,  in  a  second  wire  held  near  Jndu«"™' 
to  and  parallel  with  it.  Its  duration,  how-  ■""'"f' 
ever,  is  only  momentary.  On  stopping  the  primary 
current,  induction  again  takes  place  in  the  secondary 
wire ;  but  the  current  now  arising  has  the  same 
direction  as  the  primary  one. 

For  taking  advantage  of  this  principle,  and  producing  induced  cur- 
ren(9  of  great  power,  various  machines  have  been  con-  ^f,.  .  ,^ 
structed.  The  arrangement  of  one,  familiarly  tenned  cDnitiuctloii 
/tuhmkorff's  coil.  Fig.  359,  consists  essentially  of  two  o'  Ruhm- 
helices,  one  within  the  other;  the  inner  coil  being  eon-  "'"'f*""' 
nected  with  the  poles  of  a  battery.  On  successively  making  and 
breaking  the  cur- 

niatic  arrange- 
right  of  the  en- 
gravii^,  a  strong 
current  is  induced 
itt  the  outer  helix, 
whose  effects  are 
much  greater  than 
those  obtained 
with  an  electrical 
machine,  or  with  powerful  Leyden  batteries. 

The  effects  of  the  coil  may  be  employed  like  those  of  the  galvanic 
battery.  With  two  Bunsen  batteries  connected  with  the  coil,  a  rabbit 
may  be  killed;  and,  with  a  somewhat  larger  number  of  elements,  a 
shock  sufficiently  powerful  to  kill  a  man  is  produced.  ,  In  passing  the 
charge  through  a  vacuum,  particularly  brilliant  effects  are  noticed. 

787.  Advantage   has  been  taken  of  the  passage  of  electricity  for 
facilitating  the  transmission  of  sound,  by  means  of  an  . 
instrument  called  the  Telephone,  Fig.  360.    This  instni-   coontuction 
ment  will    transmit  the  true   properties  of   a   sound, —    and  me  ol 
pitch,  intensity,  and  quality.     It  consists  of  a  permanent   !i° '''°" 
magnet,  A,  around  one  end  of  which,  B,  is  coiled  a  helix 
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of  copper  wire,  whose  ends  C  C  lenninate  in  the  screws  D  D.     A 

Tibrating  plate  E  of  soft  iron  is  placed  near  the  end  of  the  magnet. 

On    speiking    itito 

the   mouth   of    the 

I    plate  is  set  vibrat- 
ing, and  induces  in 

of  electricity,  which 
passes   to   the  fur- 
ther end  of  the  line ; 
'  and,  by  acting  on  a 

3a,  reproduces  the  same  vibrations,  and  hence  the 
Fig.  361  represents  a  telephonic  circuit.    A  B  are  the 


battery  is  more  commonly  employed  to  furnish  the  electricity. 

7S8.  The  Mierophone  produces  still  more  remarkable  results.    A 
small  electric   battery,  a   telephone-receiver,   and    the 
DncribBthe    instrument  shown  in  Fig.  363,  complete  the  instrument, 
li  is  a  pine  board  about  six  inches  square,  to  which  are 
attached  by  means  of  sealing-wax  two  pieces   of  gas-carbon,  C  C. 
These  serve  to  support  an  upright  spin- 
dle of  gas-carbon,  A.     On  placing  this 
instrument  in  a  telephonic  circuit  by  the 
wires  a: ^,  "the  tip  of  a  soft  camel's-hair 
pencil,  gently  stroked  along  the  table  on 
which  the  instrument  is  placed,  is  faith- 
fully recorded  as  a  loud  rustling  sound ; " 
and  "  the  footfalls  of  the  common  house- 
_  fiv.  as  it  walks  alone  the  board,  are  heard 

Fig.  361.  V,  .      ,    L,    !■    -  1. 

with  unmistakable  disiinciness  by  a  per- 
son whose  ear  is  at  the  distant  telephone,  although  it  may  be  miles  away." 
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789.  It  has  been  demonstrated  by  Professor  Fara- 
day that   bodies   not   in  themselves  maer- 

•  1  ,  ,  ,  What  is  a 

netic   may,   when    placed    under    certain  diamagnetic 
physical  conditions,  be  repelled   by  suffi-    °  ^ 
ciently  powerful  electro-magnets.     Such  substances 
have  been  termed  diamagnetic  and  the  phenomena 
developed  have  received  the   general  name  of  Dia- 
magnetism. 

Bodies  that  are  magnetic  are  attracted  by  the  poles 
of  a  magnet ;  bodies  that  are  diamagnetic  are  repelled 
by  the  poles  of  a  magnet.  Magnetism  may  be  re- 
garded as  an  attractive  force,  diamagnetism  as  a 
repelling  one. 

X 

Thus,  if  a  bar  of  iron  is  suspended  free  to  move  in  any  direction, 
between  the  poles  N  S  of  a  magnet,  Fig.  363, 
the  bar  will  arrange  itself  along  a  line  which 
will  unite  the  two  poles ;  it  places  itself  in  the 
axial  line,  or  along  the  line  of  force.  Such  is  ^  p^^  ^g^ 
the  condition  of  a  magnetic  body.  If  a  sub- 
stance of  the  diamagnetic  class  is  placed  in  the  same  situation  —  as, 
for  example,  a  bar  of  bismuth  —  between  the  poles  N  S,  Fig.  364,  it 

places  itself  across  or  at  right  angles  to  the 
axial  line,  or  the  line  of  force. 

Every  substance  in  nature  is  in  one  or  the 

other  of  these  conditions.      "It  is  a  curious 

sight,"  says  Dr.  Faraday,  "to  see  a  piece  of 

Fig.  364.  wood,  or  of  beef,  or  an  apple,  or  a  bottle  of 

water,  repelled  by  a  magnet ;  or,  taking  the  leaf  of  a  tree,  and  hanging 

it  up  between  the  poles,  to  observe  it  taking  an  equatorial  position." 


THE    METRICAL    SYSTEM    OF  WEIGHTS 
AND    MEASURES. 


The  mttric  or  French  system  of  weights  and  measures,  which  is 
w  generally  employed  in  scientific  works,  is  based  upon  the  decimal 
(n.  1  dm.  notation.  Its  unit  is  the  m/tir,  which  is  defined  to  be 
''"  nnniVinni  "^  '^*  distance  on  the  earth's  surface  from 
tbe  equator  to  either  pole.  According  to  the  original 
measurement,  the  meter  was  found  Co  be  39.37  inches  in 
length ;  but  as  more  exact  methods  of  measuring  the 
len^h  of  the  earth's  meridian  have  been  introduced,  this 
slanditd  meter  is  not  what  it  pretends  to  be,  and  is  an 
arbitrary  unit;  so  that  while  theoretically  the  meter  is 
''^  Tinn^innnF  °^  '''^  terrestrial  meridian,  actually  it  is 
the  length  of  a  bar  of  platinum  deposited  in  tbe  Palace 
of  the  Archives  of  France  in  Paris,  from  which  copies 

All  other  measures,  of  surface  and  of  solid  contents, 
are  derived  decimally  from  the  meter.  The  multiple 
units  or  higher  denominations  are  named  by  prefixing 
to  the  name  of  Che  primary  unit  the  Greek  numerals, 
deMa  (lo),  Aicio  (l'^)i  "nd  myria  (1,000).  The  sub- 
multiple  units  or  lower  denominations  are  named  by 
prefixing  to  the  name  of  the  primary  unit  the  Latin 
ordinals,  dai  i^),centi  (jis)-  »"d '«'''''  (pAfii)- 


MEASURES  OP  LENGTH. 


.OM3J  in. 

10  Miini-me'len.    «.«,  = 

Ceo'li-me'icr   = 

■0  Coi'u-nK'ltrs,    im.    = 

Dttl-im-ie,    = 

5-937  ia- 

10  Dec'i-me'len,     rf«.  = 

3g.37  in. 

10  Me'tero.         If.     = 

3=,8c,ft. 

ID  Dek's-me'len,    Di«.  = 

Hek'.o.n«'l«  = 

9-88,j  rf. 

.0  HA'to-me'Kts.  Hm.  = 

Kil'o-me'ltr     = 

.6113  ml 

.0  Kil'o-nw'Kre,      Km.  = 

Myt'U.me'ler  >» 

6.H5e  mL 

METRICAL  SYSTEM  OF  WEIGHTS  AND  MEASURES.     5O3 

MEASURES  OP  SURFACE. 

zoo  Sq.  Milli-me'ters  (s^.  mm.)  =    x  sg.  cm.  ^    o«i55  sq.  in. 

xoo  Sq.  Cen'ti-me'ters  =    z  sq.  dm.  ^      15.5  sq.  in. 

looSq.Dcc'iWters  ^V'^'^'r      ^     i  =  ! '°*1^ '^^  ^'^ 

f  I  Centar  (ca.)     )      r    1.96  sq.  yd. 

100  Sq.  Me'tcrs  =  \  '  *f '  f '"•  J  «=  i  3954  sq.  rd. 

f  I  Ar  (a.)  )      f  .0247  acre. 

.00  Sq.  Dek'a-me'ter,  = )  I  HekuT(^a.)  i  =    '»- "-^ 

XOO  Sq.  Hek'to-me'ters  =    i  sg.  Km,  =    .3861  sq.  mi. 

MEASURES  OP  VOLUME. 

1,000  Cu.  Milli-me'ters  {cu.  mm.)  =    x  cu.  cm.       :=     .o6z  cu.  in. 

n     n     t..'       I.  \  X  ^K>  '^M*     \       K  '0353  CU.  ft. 

x,ooo  Cu.  Cen'u-me'tcrs  =J  ,,n[  =  !        f   ,.     . 

r  X  Lrtcr(/.)  )      r  x.0567  li.  qt. 

x,ooo  Cu.  Deca-me'tcrs  =  j  |  gterTj.)    i  ~ !  353165  cu.  ft. 

MEASURES  OF  CAPACITY. 
The  Lifter  is  the  unit  of  capacity^  both  of  Liquid  and  of  Dry  Meas- 
ures, and  is  equal  in  volume  to  one  cubic  dec'i-me'ter. 

DRY  MBASUKB.  LIQUID  MEASURE. 

xo  MiHi-Ii'ters,  ml.  =  x  Cen'ti-li'ter  =      .6x  cu.  in.  =  .338  fluid  oz. 

xo  Cen'ti-li'tcrs,  cl.  =  x  Dec'i-liter  s=  6.xo  cu.  in.  =  .845  gi. 

xo  Dec'i-li'ters,  dl.  =  x  Li'ter  =      .908  qt.  =  x.0567  qt. 

xo  I«l'ters»  L.    =\  Dek'a-li'ter  =  9.08X  qt.  :=  2.64x75  gal. 

xo  Dek'a-li'ters,  Dl.  =  i  Hek'to-li'ter  =  3.837  hu.  =  36.4x75  gal. 

xo  Hek'to-li'ters,  HI.  =  x  Kil'o-li'ter  or  Ster  =  (  "^'37  bu.  j  __ 

f  X.308  cu.  yd.      )        ^    '3  • 

xo  Kil'o-li'ters,      AT/.  =  x  Myr'ia-li'lcr  (Ml.)=s    283.72  bu.  =s  364X.75  gal. 

MEASURES  OF  WEIGHT. 

The  Gram  is  the  unil  of  weighty  and  is  equal  to  the  weight  of  a 

cubic  cen'ti-me'ter  of  distilled  water. 

xo  Milli-grams,  mg.  =  i  Cen'ti-gram        =      .1543  +  gr.  Tr. 

10  Cen'ti-grams,  cg^.    =  x  Dec'i-gram  =      1.5432  +  gr.  Tr. 

xo  Dec'i-grams,  de.  =  x  Gram  =  \  ,   '      1 

*  *  i     .03527  4-  02.  At, 

xo  Orams*  ^.     ^  t  Dek'a-gram         =        .3527  +  oz.  Av. 

xo  Dek'a-grams,  Dg^  =  i  Hek'to-gram       =      3.5274  +  02.  Av. 

,«  W^l,'f«..T«m.  //«.  -  T  i  Kiro-gram,      i  _  (   2.6792  lb.  Tr. 

xo  Hek  tcgrams.  Hg^  -^\     ^^j^.j,^      j-j    ^.2046  +  lb.  Av. 

xo  Kil'o-grams,  Kg  :=  i  Myr'ia-gram        =    22.046  +  lb.  Av. 

xo  Myr'ia-grams,        Mg.^  or  *  r\  •  u  \  ^  1  iv    a 

,_.,,      •  *         [  =  1  Qum'tal  =  220.46  +  lb.  Av. 

xoo  Kiro-grams,  Kg.     S 

xo  Quin'tals,  Q.^ox  \ ^  Toimeau,  or    \ i  2204.62    -|-  lb.  Av. 

1*000  Kll'os,  K.     S         {       Ton  )""fx.xo23     -f-tons. 
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In  place  of  ^<t  foot-pound  the  metric  system  uses  the  kilogrammeter; 
or  the  weight  of  a  kilogram  raised  to  the  height  of  one  meter  from 
the  surface  of  the  earth. 


z  foot-pound  =  0.1 3825  kilogrammeter. 

X  kilogrammeter  =  7.33  foot-pounds. 

X  inch  =  2.540  centimeters. 

I  foot  =  3.048  decimeters. 

I  yard  =0.9x44  meters. 

X  mile  :=  1.6093  kilometers. 

X  sq.  in.  =  6.452  sq.  centimeters. 

x  sq.  ft.  ^  9.3903  sq.  decimeters. 

X  sq.  yard=o.836x  sq.  meter. 

I  acre  1=0.4047  hektar. 

X  sq.  mile  =  2.590  sq.  kilometers. 

I  cu.  in.  =  16.387  cu.  centimeters. 

X  cu.  ft.  =28.317  cu.  decimeters. 


X  cu.  yard  =0.7645  cu.  meter. 
X  liquid  quart  =  0.9463  liter. 
X  gallon  =0.3785  dekaliters, 
z  dry  quart  =  i.xox  liters, 
z  peck  =:  0.881  dekaliter, 
x  bushel  =  3.524  dekaliters. 
X  ounce  av.  =  28.35  gnuns. 
X  pound  av.  =  0.4536  kilogram. 
X  T.  (3,000  lbs.)  =0.9072  met.  ton. 
X  grain  Troy  =0.0648  gram. 
I  ounce  Troy=3i.xo35  grams. 
X  pound  Troy  =0.3732  kilogranv. 
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Aberration,  chromatic,  361. 
spherical,  363. 
Accommodation  of  eye,  394,  399. 
Acoustics,  20O. 
Actinism,  378. 
Action  and  re-action,  62. 
Adhesion,  x8. 
Affinity,  18. 
Air,  buoyanc)r  of^  197. 

compressibihty  of,  171,  173. 

capacity  of,  for  moisture,  291. 

constituents  of,  169. 

density  of,  172. 

elastiaty  and  expansibility  of,  171. 

how  heated,  340,  349. 

impenetrabdity  of,  170. 

inertia  of,  170. 

momentum  of,  198. 

thermometer,  261. 

weight  of,  172. 

when  rarefied,  173. 

when  saturated,  291. 
Ai»-pump,  184. 

A  mpires  theory  of  magnetism,  496. 
Analysis,  spectrum,  374. 
Anemometer,  308. 
Angle,  defined,  69. 

incidence  and  reflection,  68. 
visual,  396. 
Annealing,  24. 
Aqueous  vapor,  391. 
Armature  ol  a  magnet,  4x6. 
Arms  of  a  lever,  93. 
Artesian  wells,  131. 
Astatic  system,  486. 
Athermanous  substances,  250. 
Atmosphere,  x6o. 

eflfect  of,  on  diffusion  of  light, 

3a7- 
supposed  height  of,  182. 

weight  of,  182. 

Atmospheric  electricity,  453. 

pressure,  183. 

redaction,  345. 


Atoms,  8. 
Attraction,  X7. 

capillary,  18,  143. 

cohesive,  17. 

molecular,  17. 
Aurora  borealis,  456. 
Average  tempeiature,  389. 
Avoirdupois  weight,  34. 
Axis  of  a  body,  76. 
of  a  lens,  352. 
optic,  397. 

Balance,  98.  ^ 

spring,  88. 
torsion,  440. 
Balance-wheel,  53. 
Balloon,  197. 
Barker's  mill,  161. 
Barometer,  aneroid,  x8o. 

as  a  weather  indicator,  i8x. 

construction  of,  X77. 

how     used      for     measuring 

heights,  183. 
water,  180. 
wheel.  X79. 
Battery,  electrical,  444. 
galvanic,  463. 
Beats,  208. 

Bellows,  hydrostatic,  125. 
Belts,  communication  of  motion  by,  102. 
Bodies,  falling,  laws  of,  48. 

form  of,  dependent  on  heat,  xo. 

changed    by    centrifugal 
force,  77. 
heavy  and  light,  32. 
luminous,  3x6. 
opaque,  317. 
transparent,  317. 
when  float  in  air,  197. 
Body,  4. 

hot,  338. 

when  stands  most  firmly,  42. 
where  will  have  no  weight,  32. 
Boiling-point,  267. 
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Boiler-flue,  a86. 

Boiler,  steam,  284. 

Breast-wheel,  161. 

Breezes,  land  and  sea,  310. 

Brittleness,  33. 

BuHsen  and  Ktrchhoff's  researches,  373. 

Buoyancy,  135. 

of  sur,  1Q7. 

of  liquids,  135. 
Burning-glasses,  351. 
mirrors,  335. 

Camera-obscura,  391. 

Canals,  133. 

Capillary  attraction,  x8,  143. 

Catoptrics,  340. 

Center  of  gravity,  36. 

optical,  352. 
Centrifugal  force,  72. 
Centripetal  force,  73. 
Chain-pumps,  165. 
Chemical  action,  333. 
Chemistry,  i. 
Chord  in  music,  317. 
Chromatic  abenation,  361. 
Climate,  389. 
Circuit,  galvanic,  463. 
Clock,  common,  53. 
electric,  495. 
water,  154. 
Clouds,  297. 

average  height  of,  298. 
classification  of,  299. 
formation  of,  298. 
Cogs  on  wheels,  xox. 
Cohesion,  17. 
Cold,  227. 

Collision  of  bodies,  65. 
Color  and  sound  compared,  359. 
cause  of,  362. 

dependent  on  temperature,  379. 
Colors,  complementary,  365. 
of  thin  plates,  383. 
primary,  357. 
Compass,  418. 

Composition  of  white  light,  357. 
Compotmd  levers,  96. 
motion,  70. 
Compressibility,  zo. 

of  gases,  171. 
^  of  Uquids,  118. 
Concord  in  music,  217. 
Condensation,  263. 
Condensing-machines,  186. 
Conduction  of  heat,  237. 

of  electricity,  429. 
Conjugate  foci.  334. 
Convection  of  heat,  237. 
Cords,  vibration  of,  2x8. 
Cranes,  xo6. 
Crank,  115. 
Crystallization,  20. 

Currents,  electric,  how  exert  their  influ- 
ence, 484. 


Dark  lines  of  spectrum,  372. 

Dead  point  explained,  xx6. 

Declination  of  needle,  421. 

Densitv,  9. 

Derrick,  xo6. 

Descent  on  inclined  planes,  5X. 

Dew,  393. 

pomt,  393. 
Diamagnetism,  50X. 
Diathermanous  substances,  350. 
Diffraction  of  l^ht,  384. 
Diffusion,  X48. 

of  heat,  237. 

of  vapors,  366. 
Dioptrics,  348. 
Direction,  line  of,  4X. 
Discharge,  424. 
Discharging  rod,  438. 
Discord  m  music,  3x7. 
Dispersion  of  light,  357. 
Distillation,  270. 
Divisibility,  6. 
Dry  piles,  467. 
Ductility,  2X. 
Duration  of  electric  spark,  449. 

of  visual  impressions,  400. 
Dynamometer,  88. 

Ear,  222. 

Earth,  as  a  source  of  heat,  332. 

cause  of  present  form  of,  ^^. 
physical  features  of,  aiid  winds,  309. 
the  reservoir  of  electricity,  432. 
Elarth's  attraction,  law  of,  30. 
Ebullition,  267. 
EchOj  209. 
Elasticity,  22. 
Electrical  battery,  444. 
induction,  433. 
machines,  434. 
Electricity,  425. 

atmospheric,  452. 
attraction  and  repulsion,  436. 
chemical  effects,  476. 
conductors  of,  429. 
density  of,  431. 
development  of,  425. 
frictional  and  galvanic,  com- 

Sared,  47X. 
_    ^anic,  459. 

how  excited,  46X. 
discovery  of,  460. 
intensity  of,  472. 

auantity  of,  472. 
leory  of,  465. 
heating  effects,  446, 474. 
kinds  of,  426. 
luminous  effects,  448,  475. 
magneto-,  496. 
physiological  effects,  473. 
secondary  currents  of,  499* 
theories  of,  428. 
thermo-,  482. 
velocity  of,  449. 
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Electrodes,  464. 
Electrolysis,  476. 
Electro-magnetism,  484. 
Electro-magnets,  488. 
Electrometer,  440. 
Electro-metallurgy,  478. 
Electro-motive  force,  462. 
Electrophorus,  438. 
Electroscope,  439. 
Elements,  5. 
£lndosmose,  147. 
Energy,  83. 
Engine,  steam,  979. 
Elquator,  magneuc,  433. 
Equilibrium,  38. 

law  of,  in  all  machines,  91. 
Evaporation,  263. 

latent  heat  of,  272. 
Exhausting  syringe,  184. 
Exosmose,  147. 
Expansibility,  zo. 
Expansion  by  heat  of  gases,  357. 
of  liquids,  254. 
of  solids,  352. 
Eye,  39X. 

Falling  bodies,  laws  of,  4?. 
Far-sightedness,  395. 
Filtration,  X2. 
Fire,  229. 
Flame,  239. 
Floating  bodies,  141. 
Fluids,  20. 
Fluorescence,  380. 
Fly-wheel,  ii» 
Focus,  334. 
Fog,  297. 
Foot-pound,  86. 
Force,  15. 

application  of,  83. 

electro-motive,  462. 

indestructible,  85. 

magnetic,  441. 

molecular,  17. 

real  nature  of,  x6. 
Forces,  great,  of  nature,  15. 
Force-pump,  194. 
Fraunho/er's  Imes,  372. 
Freezing  mixtures,  273. 
Friction,  iz. 

advantages  of,  114. 
Frost,  296. 
Fulcrum,  93. 

Galvanism,  459. 
Galvanometer,  485. 
Gamut,  217. 
Gases,  19. 

expansion  of,  by  heat,  257. 

specific  gravity  of,  139. 

transmit  pressure,  183. 
Gasometer,  187. 

Gauge,  barometer  or  steam,  287. 
rain,  302. 


Glass,  opera,  405. 
Grain  weight,  34. 
Gravitation,  attraction  of,  28. 

terrestrial,  30. 
Gravity  and  falling  bodies,  47. 

center  of,  36. 

specific,  X36. 
Gyroscope,  78. 

Hail,  305. 
Halos,  370. 
Hardne^,  23. 
Harmonics,  217. 
Heat,  227. 

absorption  of,  248. 

animal,  234. 

communication  of,  237. 

conduction  of,  237. 

convection,  237. 

effects  of,  25X. 

expansion  by,  252. 

extremes  of,  233. 

imponderable,  228. 

latent,  25X. 

and  light,  229. 

mechanical  equivalent  of,  336. 

measuring,  258. 

radiation  of,  237. 

reflection  of,  247- 

sensible,  25X. 

sources  of,  230. 

specific,  276. 

theory  of,  229. 

transmission  of,  249. 

vital,  234. 
Helix,  488. 
Horse-power,  86. 

Humidity,  absolute  and  relative,  292. 
Hurricane,  3x2. 
Hydraulic  ram,  x66. 
Hydraulics,  15X. 
Hydrometer,  X37. 
Hydrostatic  bellows,  X25. 
paradox,  X8X. 
press,  X33. 
Hydrostatics,  xi8. 
Hydrometer,  293. 

Images,  ^28. 

by  mirrors,  339. 

by  lenses^  354. 

inverted  m  eye,  396. 

multiplied,  332. 
Impenetrability,  6. 

of  air,  170. 
Incandescence,  229. 
Inclined  plane,  X07. 
Induced  currents,  496. 
Induction,  electric,  432. 

magnetic,  4x3. 
Inertia,  zo. 
Insulation,  430. 
Intensity  of  light,  363. 
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Intensity  of  luminous,  calorific,  and  chem- 
ical rays  in  solar  spectrum,  379. 
of  sound,  904. 
Interference,  156. 

of  sound,  207. 
of  light,  383. 
Intermittent  springs,  196. 

Jar,  Leyden,  441. 
Joule* s  equivalent,  836. 

Kaleidoscope,  333. 

Lantern,  magic,  407. 
Law,  physical,  a. 
Lens,  350. 

achromatic,  361. 

axis  of,  35a. 

focal  distance  of,  353. 

optical  axis  of,  353. 
Level,  spirit,  133. 
Lever,  93. 

compound,  96. 

equuibrium  of,  94. 

kinds  of,  93. 
Leydcn  jars,  441. 
Light,  3x5. 

absorption  of,  335. 

chief  sources  of,  3x6. 

diffraction  of,  384. 

dispersion  of,  357. 

dectric,  475. 

intensity  o(,  330. 

interference  of,  383. 

polarization  oO  386. 

propagation  of,  317. 

ray  of^  318. 

reflection  of,  336. 

total,  344. 

refraction  of,  340. 

double,  385. 

theory  of,  315. 

velocity  of,  333. 
Lightning,  453. 
Lighuiing-rods,  455. 
Limit  of  elasticity,  aa. 
Line,  vertical,  46. 
Liquefaction,  19. 

absorption  of  heat  in,  373. 
Liquids,  19. 

equilibrium  of,  in  connecting  ves- 
sels, 139. 
pressure  of,  i3o. 
spheroidal  state,  366. 
Locks,  canal,  133. 

Machines,  89. 

Machinery,  elements  of,  9a. 
magnetic,  489. 
Magdeburg  hemispheres,  x86. 
Magic  lantern,  407. 
Magnetic  curves,  415. 

dip  of  needle,  4x9. 

equator,  433. 


Magnetic  induction,  413. 
meridian,  430. 
needle,  4x8. 
poles  of  earth,  433. 
Magnetization,  by  action  of  earth,  4x4. 
by  currents,  487. 
how  accomplished,  4x3. 
Magnetism,  41  x. 

earth's,  43X. 
electro-,  484. 
theory  of,  4x6. 
Magneto-electridty,  496. 
Magnets,  4x0. 

broken,  4x7. 

influence  of  heat  on,  4x6. 
poles  of,  4x3. 
Magnifying-glasses,  355. 
Magnitude,  5. 

center  of,  36. 
Malleability,  ax. 
MariotU*s  Uw,  X73. 
Matter,  4. 

divisibility  of,  7. 
indestructible,  xa. 
three  states  of,  x8. 
Mechanical  equivalent  of  heat,  336. 

powers,  93. 
Medium  in  optics,  340. 
Melody,  ax^. 
Meltixig-pomt,  964. 
Meridian  of  earth,  430. 
Meteorok>gy,  389. 
Microphone,  500. 
Microscope,  40X. 

solar,  408. 
Mirage,  346. 
Mirrors,  737. 

burning,  335. 
concave,  354. 
convex,  338. 
Mists,  997. 
Mobinty,  15. 

Moisture  in  atmosphere,  89X. 
Molecules,  8. 
Momentum,  60. 
Monsoons,  309. 
Motion,  58. 

circular,  73. 
compound,  7X. 
perpetual,  89. 
reflected,  68. 

rotarv  and  rectilinear,  XX5. 
simple,  70. 
Musical  scale,  3x8. 

Natural  philosophy,  i. 
Near-signtedness,  394. 
Needle,  dipping,  4x9. 

magnetic,  4x8. 
Neutral  line  of  magnet,  41  x. 
Newton's  rings,  383. 
Nodes,  3x7. 
Notes  in  music,  2x8. 
Nut  of  a  screw,  xxz. 
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Octave  in  music,  2x7. 
Opera-glasses,  405. 
Optical  instruments,  400. 
Optic  axis,  397. 
Overshot  wheel,  x6o. 

Pkne,  fulminating,  ^x. 
Paradox,  hydrostatic,  isx. 
Pendulum,  52. 

compensating,  55. 
Penumbra,  320. 
Perpetual  motion,  89. 
Phaises  of  waves,  156. 
Phonograph,  221. 
Phosphorescence,  3x6. 
Photography,  380. 
Photometer,  321. 
Physics.  3. 
Pile,  voltaic,  466. 
Pip«,  organ,  230. 
Pitch  in  sound,  2x4. 
Plane,  inclined,  107. 
Plumb-line,  46. 
Pneumatics,  x6q. 
Polarization  of  light,  386. 
Poles,  magnetic,  41 X. 

of  galvanic  battery,  463. 
Porosity,  8. 
Power,  59. 

and  weight,  90. 
Press,  hydrostatic,  X23. 
Prisms,  349. 
Pulleys,  103. 
Pump,  air,  X84. 

chsiin,  X65. 

suction,  X91. 
Pyrometer,  261. 

Radiometer,  346. 
Rain.  30X. 
Rainbow,  366. 
Rain-eauge,  302. 
Ram,  nydraulic,  166. 
Ray,  318.  _ 

Recomposition  of  white  light,  360. 
Reed  pipes,  230. 
Reflection  of  heat,  347. 
of  light,  326. 
of  sound,  308. 
total,  of  light,  344. 
Refraction,  atmospheric,  371. 

by  lenses,  352. 

by  parallel  surfaces,  348. 

by  prisms,  340. 

double,  of  light,  385. 

index  of,  344. 

of  heat,  25T. 

of  sound,  212. 

single,  of  light,  340. 
Relay  instruments,  492. 
Repulsion,  X7. 

electric^  436. 

magnetic,  4x3. 
Resistance,  59. 


Resonance,  309. 
Rest,  58. 
Resultant,  71. 
Ruhtnkorff's  coil,  499. 

Safety-valve,  387. 
Savarft  wheel,  3x4. 
Scales,  99. 
Screw,  xxo. 

oi  Archimedes,  X64. 
propeller,  158. 
Segments,  ventral,  3x7. 
Shadows.  319. 
Shock,  electric,  434. 
Signal-key,  493. 
Simmering,  268. 
Sine  of  angle,  343. 
Simoom,  3x1. 
Siphon,  X95. 
Snow,  304. 
Softness,  23. 
Solar  microscope,  408. 
spectrum,  358. 

properties  of,  378. 
Solids,  X9. 

specific  gravity  of,  X36. 
Solution,  262. 
Sonometer,  2x8. 
Sonorous  body,  303. 
Sound,  300. 

propagation  of,  203. 

interference  of,  207. 

reflection  oi,  208. 

refraction  of,  2x2. 

velocity  of,  206. 

musicsu,  3x4. 

Sources  of  heat,  330. 

of  li^ht,  3x6. 

Spark|  electric,  448. 

Specinc  gravity,  136. 

neat,  276. 
Spectacles,  40X. 
Spectrum,  358. 

analysis,  37^. 
dark  lines  of,  372. 
properties  of,  378. 
Spectroscope,  373. 
Spheroidal  state,  266. 
Springs,  intermittent,  X96. 

origin  of,  X32. 
Spirit-level,  133. 
Spy-glass,  405. 
Stabiliw  of  bodies,  38. 
Steam-Doiler,  284. 

high  pressure,  279. 
superheated,  279. 
Steam-engine,  379. 
Steam-gauge,  287. 
Stereoscope,  398. 
Still,  270. 
Sublimation,  371. 
Suction-pumps,  191. 
Sun,  as  source  of  heat,  230. 
constitution  of,  377. 
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Sun,  light  of»  333. 
Surface,  p. 

levely  46. 


spherical,  199. 

-    *i' 
^stem  of  wheels,  xoi. 


Sjrren,  3«. 


333. 


Tackle  and  fall,  to6. 

Telegraph,  491. 

Telephone,  499. 

Telescope,  404. 

Temperature,  absolute  zero  of,  333. 

average,  380. 

extremes  of,  s 
Tenacity,  33. 
Theory,  physical,  3. 
Thermo-electricity,  483. 
Thermometer,  358. 
Thread  of  screw,  ixi. 
lliunder,  454. 
Tides,  30. 
Timbre,  3i6. 
Tone  in  sound,  314. 
Tornado,  312. 
Torsion  balance,  440. 
Troy  weight,  34. 
Tubes,  capillary,  144. 
Turbine  wheel,  163. 

Undershot  wheel,  x6o. 
Unison,  317. 

Vacuum,  176. 
Valve,  193. 

safety,  387. 
Vaporization,  363. 
Variation,  lines  of  no,  431. 
Velocity,  59. 
Vena  contracta,  153. 
Ventral  segments,  3x7. 
Vertical  line,  46. 
Vibrations,  nature  of,  201. 
Views,  dissolving,  408. 


Vision,  angle  of,  396. 

double,  397. 

phenomena  of,  390. 
Voltaic  pile,  466. 
Volume,  6. 

Water,  as  a  motive  power,  159. 

boiling,  temperature  of,  367. 

composition  of,  xx8. 

compressibility  of,  XX9. 

decomposition  of,  476. 

elasticity  of,  1x8. 

greatest  density  of,  355. 

how  heated,  343. 

how  high  rises  in  pump,  193. 
Water-dock,  154. 
Water-level,  133. 
Water-spout,  3x3. 
Water-wheels,  159. 
Wave,  156. 

interference  of,  X56. 
Wedge,  X09. 
Weight,  31. 

m  machines,  90. 
specific,  X36. 
Weights  and  measures,  33. 
Welding,  35. 
Well-sweep,  164. 
Wells,  artesian,  X3x. 

water  in,  133. 
Wheel  and  axle,  xoo. 

barometer,  X79. 

cog,  xox. 
Wheels,  water,  160. 
Whcelwork,  xox. 
Whistle,  steam,  388. 
Wind  instruments,  3ao. 
A^^ds,  307. 

trade,  308. 

variable,  3XX. 
Work  of  different  forces,  86. 
Working-point  in  machinery,  90. 

Yard,  34. 
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